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ABSTRACT 
Evidence for pre-Wisconsinan glaciation in the Great Valley 
includes a till sheet and fluvial and deltaic gravels, which have a 
pre-Wisconsinan soil developed on them, informally named the 
"Harmony Soil" (new term). This soil has more than 2.4 m of 
oxidation and clay translocation, a red colored (2.5 to 5 YR) 
argillic B horizen, and rubified pebbles. 
All Wisconsinan drift in the Great Valley ~s here called the 
"Great Valley Drift" (new term). A single Woodfordian age ~s 
proposed for the Great Valley Drift because of its 1) thin soil 
development (solum thickness of less than 1.2 m), 2) the 
preservation of constructional morainic topography and terrace 
surfaces, and 3) radiocarbon dates (S-5273 and S-4921) of 18,570 + 
250 and 18,390 ± 200 years B.P. from basal organic sediments at 
Francis Lake, which is 11 km north of the "Terminal Moraine" in 
Warren County, New Jersey. Woodfordian till in the Delaware Valley, 
previously interpreted as being Altonian, appears older than 
Woodfordian because of pre-Wisconsinan drift and soil material 
incorporated into it during Woodfordian time. 
The Wisconsinan border separates areas of Woodfordian and 
pre-Wisconsinan glaciation which display differing amounts and types 
of soil development, colluviation, periglacial activity, bedrock 
weathering and morphology, and erratics. Tors, occurring outside 
- 1 -
the Wisconsinan border on crystalline rock summits, allowed the 
recognition of a Woodfordian age nunatak on the southern end of 
Jenny Jump Mountain. 
Striations, trace erratic dispersion (syenite from the 
Beemerville Complex 1n northwestern New Jersey and basalt erratics), 
and pebble and till provenance, all reflect regional Woodfordian ice 
flow changes. Ice flow was due south across northeastern 
Pennsylvania and Kittatinny Mountain into the Great Valley while ice 
advanced to the Wisconsinan border and emplaced the "Terminal 
Moraine". Later, while ice retreated from Warren County, ice flow 
was strictly southwest from the Hudson-Champlain Lobe. Possible 
explanations for these regional changes are flow divergence around 
the Catskills or impeped flow of ice in northeastern Pennsylvania. 
Woodfordian ice retreat is characterized by the rapid thinning 
of ice in high, hilly areas and the formation of valley lobes. 
Valley ice margins are characterized by both stagnation-zone 
retreat, and a slightly larger-scale stagnation resulting from ice, 
that fed up-gradient over drainage divides, leaving behind stagnant 
ice masses during retreat. 
Morphosequence mapping and correlation, and the timing of lake 
empondments revealed that the "Terminal Moraine" is composed of 
moraine segments which are not exactly contemporaneous. Moraine 
loops occur in the Mountain Lake Valley where an active valley lobe 
persisted for a relatively long period of time. A previously 
- 2 -
unrecognized major recessional position was located in northern 
Warren County, marked by the "Franklin Grove Moraine" (new term). 
The deglacial histories of previously unrecognized glacial 
lakes (new terms) in the Jacoby Creek (Lake Portland) and Paulins 
Kill (Lake Paulina Kill) Valleys, and the Oxford Basin (Lake 
Oxford), and previously recognized lakes in the Pequest (Lake 
Pequest) and Mountain Lake Valleys are described here. Postglacial 
tilting of glacial Lake Pequest was estimated to be 0.55 to 0.8 
m/km. 
- 3 -
INTRODUCTION 
Objectives 
Since the early works of Salisbury (1902) and Lewis (1884), 
very few detailed investigations have been done on the glacial 
history of the Great Valley near the "Terminal Moraine" or what was 
generally considered by early workers as the maximum extent of 
Wisconsinan glaciation. Much uncertainty, both in local and 
regional correlation, has resulted from a lack of detailed mapping 
and chronologie studies. However, before palynologic and 
chronologie studies may be undertaken, detailed surficial mapping in 
the Great Valley is essential. This thesis attempts to show the 
Wisconsinan deglacial history and the stratigraphic and morphologic 
correlations in the Great Valley. 
The objectives of this thesis are to: 
A) Provide a base for chronologie studies by detailed mapping 
of the Wisconsinan glacial deposits of the Great Valley 
using the morphosequence concept (Jahns, 1941; Koteff and 
Pessl, 1981). 
B) Verify the existence, or non-existence, of a "morainic 
area" or ice margin described by Salisbury (1902) near 
Blairstown, New Jersey. 
C) Quantify the previously recognized provenance observations 
(Salisbury, 1902; Connally and Sirkin, 1973) in the Great 
- 4 -
Valley. 
D) Refine the knowledge of regional ice flow patterns by 
recording newly located and previously noted ice 
striations and comparing them to the provenance data. 
E) Determine whether deglaciation for this area was by 
"systematic ice retreat" as proposed for New England 
Koteff and Pessl (1981), or by "regional stagnation" 
proposed by Flint (1929, 1930) and Black (1977). 
F) Define glacial deposits as either being Woodfordian, 
by 
as 
Altonian, or pre-Wisconsinan in age based on soil 
development, rock weathering, stratigraphic position, and 
morphology (Sevon, 1974). 
G) Locate multiple drift exposures which may solve 
stratigraphic problems. 
H) Find suitable sites for palynologic investigations in the 
Great Valley that may add both absolute and relative 
chronologie information to existing limited data. 
Location and Physiography 
The study area included all or parts of thirteen 7.5-minute 
quadrangles (Figure 1). The Bangor (Pa-NJ) and Blairstown (NJ) 
quadrangles were mapped in entirety. Parts of the Belvidere 
(NJ-Pa), Washington (NJ), Hackettstown (NJ), Tranquility (NJ), 
Portland (Pa-NJ), Stroudsburg (Pa-NJ), Bushkill (Pa-NJ), 
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Figure 1. Location map of the study area. 
Flatbrookville (NJ-Pa) and Newton West (NJ) quadrangles were also 
covered. Reconnaissance field work was also conducted in the Wind 
Gap (Pa) and Easton (Pa-NJ) quadrangles and in Sussex County, New 
Jersey. 
The study area lies in the Great Valley section (Figure 2) of 
the Ridge and Valley Province of eastern Pennsylvania (Northampton 
County) and northwestern New Jersey (Warren County). The area is 
between Kittatinny Mountain on the northwest and the New Jersey 
Highlands on the southeast. The study area is bounded on the 
northeast by the Warren-Sussex County line, and on the southwest by 
the western edges of the Bangor and Stroudsburg quadrangles. The 
Delaware River crosses the study area. The Delaware River drainage 
system includes Martins Creek, Jacoby Creek, Beaver Brook, Paulina 
Kill and the Pequest River. The highest point in the study area is 
Kittatinny Mountain (elev. 475 m or 1560 ft) and the lowest point is 
in the Delaware Valley south of Brainards, New Jersey (elev. 52 m or 
170ft). Total relief in the area is almost 423 m (1400 ft). 
The physiography of the Great Valley (Figure 2) is 
characterized by a hilly, low-relief terrain underlain by Paleozoic 
carbonate and flysch deposits. These rocks strike northeast -
southwest and are the dominant control on drainage and topography. 
Flysch deposits within the Great Valley have the greatest relief, 
particularly where they contain many graywacke beds. Small scale 
features such as carbonate karst and shale knoll topographies, where 
- 7 -
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Fi2ure 2. Physiographic provinces in eastern Pennsylvania and 
western New Jersey. 
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veneered by glacial deposits, may resemble constructional glacial 
morphologies. The Great Valley is bounded on the southeast by 
igneous and metamorphic crystalline rocks of the New Jersey 
Highlands and on the northwest by resistant conglomeratic sandstones 
of the Shawangunk Formation and Kittatinny Mountain of the 
Appalachian Mountain section. 
Pre-Quaternary Geology 
Studies of the pre-Quaternary geology of the Great Valley have 
focused on the stratigraphy and structural complexities of the rock 
formations. This paper does not attempt to explain the structural 
and tectonic histories of the Great Valley, but a brief treatment of 
the bedrock stratigraphy is necessary for a glacial provenance 
investigation. 
The Great Valley contains rocks ranging from Precambrian to 
Silurian in age (Figure 3). Precambrian rocks in this area, consist 
of both intrusive and metasedimentary basement rocks, including 
gneisses, granites, amphibolites, schists, and marble (Drake, 
1969; Smith, 1969). In Early Cambrian time, these rocks formed a 
crystalline highland off of which lapped aprons of feldspathic 
sandstones and shelf carbonates and shales (Aaron, 1969; Drake, 
1969; Markewicz and others, 1977). The shelf carbonates underlie 
deeper-water, cherty carbonates, argillaceous limestones and finally 
flysch deposits of the Taconic Orogeny (Drake, 1969; Epstein and 
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Figure 3. Map of the bedrock lithology in the study area. 
Epstein, 1969). The Blue Mountain Dlcollement separates the flysch 
deposits from terrigenous fluvial, shelf carbonate, and deltaic 
units deposited in Silurian and Devonian times (Drake, 1969; Epstein 
and others, 1974). These formations make up the conglomeratic 
sandstones, red beds, fossiliferous and cherty limestones and lithic 
sandstones of formations north of Kittatinny Mountain (Epstein and 
Epstein, 1969; Epstein, and others, 1974). 
Two types of intrusive rocks of uncertain age occur in and 
around the Great Valley: the calc-alkalic rocks of the Beemerville 
Complex (Ordovician ?) in northwestern New Jersey, and basaltic 
dikes (Triassic ?) in the New Jersey Highlands. Table 1 gives a 
summary of lithologies, ages and thicknesses of the pre-Quaternary 
formations in the New Jersey Highlands and Valley and Ridge 
Provinces. 
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Table 1. Summary of bedrock stratigraphic units in the Great Valley and adjacent Ridge and 
Valley Province and New Jersey Highlanas with lithologies and thicknesses in meters. Compiled 
from Drake, 1969; Epstein and Epstein, 1969; Johnson, 1950; and Markewicz and others, 1977. 
Stratigraphic units 
and thicknesses in meters 
Devonian System 
Marcellus Shale (190 m) 
Buttermilk Falls La. (25m) 
Esopus Formation (35 m) 
Oriskany Gp.t Becraft Ls., 
New Scotlana, Stormville, 
and Coeymans Fms. (65 m) 
Silurian System 
Bossardsville Ls., Manlius, 
Roundout, Decker, and 
Poxono Island Fms. (280 m) 
Bloomsburg Fm. (475 m) 
Shawangunk Fm. (400 m) 
Ordovician System 
Martinsburg Fm. (3,500 m) (3 members) 
Jacksonburg Fm. (45 m) 
Beekmantown Group (325 m) 
Lithologies 
Dark gray carbonaceous silty shale 
Medium to dark gray cherty argillaceous limestone 
Dark coarse sandstone with strong cleavage 
Siliceous, cherty, and limey gray limestones; thin and siliceous 
sandstones; limey shale 
Da;k thin bedded and bluish banded limestones; limey shale; 
l~mey sandstone 
Red sandstone, siltstone and shale; green and gray shale 
Light to medium gray, quartzitic sandstone and conglomerate; 
dark gray to black silty argillite 
Medium ~ray to grayish black claystone slate and carbonaceous 
slate ~nterbedded with quartzose and graywacke siltstone 
-----------------------------------------------------------------Black or dark blue, argillaceous limestone and dark limey shale 
Massive, light to dark gray, fine to coarse grained crystalline 
dolostones with chert beds and interbedded limestones 
Table 1. (cont.) 
Cambrian System 
Allentown Dolomite (375 m) 
Leithsville Formation (160 m) 
Hardyston Quartzite (0-65 m) 
Precambrian System 
Marble 
Gneiss 
Units of Unknown Age 
Diabase dikes 
Beemerville Complex 
Light to medium gray, fine to medium grained dolostones in 
alternating beds; Oolitic and stromatolitic dolostones 
Interbedded light to dark gray, fine to coarse grained dolostone 
and.calcitic dolostone; tan phyllite; quartzose sandstone 
strlngers 
-----------------------------------------------------------------Arkose; feldspathic sandstone; orthoquartzite; quartz pebble 
conglomerate; silty and calcareous shale; jasper 
Coarse white marble with pyroxene and zinc ore 
-----------------------------------------------------------------Hornblende granite gneiss; alaskitei· oligoclase quartz gneiss; 
q~artz9feldspathic gneiss; amphibo ite; pyroxene gneiss; 
m1gmat1te 
Dark gray diabase and basalt (probably of Triassic age) 
Basic lavas filling volcanic necks containing slate, 
limestone, and gneiss xenoliths; lamprophyres; fine to coarse 
grained intrusive nepheline syenite ~post-Ordovician in age) 
PREVIOUS WORKS 
Early Works 
The first published works on the glacial deposits of the Great 
Valley in New Jersey were done by the New Jersey Geological Survey 
in the late 1800's as part of their annual report series (Cook, 
1878, 1879a, 1879b, 1881). In Pennsylvania, Hall (1876), Prime 
(1879), and Lewis (1883a) made observations on the glaciation of 
Kittatinny Mountain and glacial deposits in Northampton County. 
Early tracings of the "Terminal Moraine" in New Jersey and 
Pennsylvania (Wright, 1882·; Chamberlain, 1883; Lewis, 1883b, 1883c, 
1884a) were done on what was considered the maximum extent of 
Wisconsinan glaciation. Further interpretations of deposits near 
Belvidere, N.J. (Chamberlain, 1890; Lewis, 1885) and other areas of 
nearby New Jersey and Pennsylvania (Salisbury, 1892b, 1893, 1895, 
1896, 1898,1899; Salisbury and others, 1894; Salisbury and Knapp, 
1897; Wright, 1889; Barrel, 1893) were made soon thereafter. The 
most comprehensive early study was a work by Salibury (1902) which 
describes all deposits in New Jersey associated with glaciation. 
Studies of the "extramorainic" drift, or drift beyond the 
"Terminal Moraine", and drift older than Wisconsinan age in the 
Great Valley were conducted by Lewis (1884b), Salisbury (1892a, 
1892b), Wright (1893), Williams (1893, 1894a, 1894b, 1895, 1902, 
1917, and 1920), Rau (1897), Ashley (1927), and Leverett(1928, 
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1934). Ward (1929, 1934, 1938) proposed that an ice tongue of 
Wisconsinan age projected well south of the "Terminal Moraine" to 
Carpentersville, New Jersey. However, this interpretation is 
considered to be incorrect by Crowl (1971). Maps showing 
Wisconsinan and Illinoian end moraines in Lehigh (Miller, 1941) and 
Northampton (Miller and others, 1939) Counties (Pa), which are in 
agreement with earlier workers, have been published by the 
Pennsylvania Geological Survey. 
Stratigraphic interpretations by MacClintock and Apfel (1944) 
and MacClintock (1954) correlated drift areas in New Jersey with 
those of the Salamanca re-entrant area in New York. In these 
reports, various parts of the "Terminal Moraine" were assigned Cary 
(Portland Moraine) and Tazewell (Bangor Moraine) ages while areas 
outside the "Terminal Moraine" were assigned Illinoian (intermediate 
age drift) and pre-Illinoian (Jerseyan) ages. These interpretations 
were based on the depth of carbonate leaching and pebble weathering. 
Flint (1949) and Merritt and Muller (1959) have indicated that the 
depth of carbonate leaching not only depends on the age of the 
deposit, but more importantly on the deposit's original carbonate 
content. Moss and Ritter (1962) have also shown that MacClintock 
and Apfel's (1944) Binghamton drift east of the Valley Heads 
Moraines in New York is actually the Olean Drift with a different 
litnology in lowland areas and thus not a drift sheet of different 
age. 
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Recent Works and Interpretations 
A) Pre-Wisconsinan Stratigraphy 
The existence of pre-Wisconsinan drift, i.e. "Older Drift" 
(Salisbury, 1902; Leverett, 1934) or "Jerseyan Drift" (MacClintock, 
1940); has been well documented in New Jersey. Subsequent reports 
in Pennsylvania have shown Illinoian drift to exist well south of 
the "Terminal Moraine" (Miller and others, 1939; Miller, 1941; Sevon 
and others, 1975). Because at least two older pre-Illinoian 
glaciations have been recognized in the Midwest, it would seem 
likely that areas of New Jersey and eastern Pennsylvania were 
glaciated during these early stages. However, much of the 
midwestern stratigraphy is based on loess deposits, vertical till 
stratigraphy, buried soils, and ash layers, features which are 
lacking in the Great Valley. Soil differentiation may reveal a 
subdivision of pre-Wisconsinan drifts that have previously been 
interpreted as Illinoian and Kansan drifts in Pennsylvania and New 
Jersey and "Older Drift" or "Jersyan Drift" in New Jersey. Marchand 
(1978) has cited pedologic evidence in central Pennsylvania for 
three separate drifts which correspond to pre-Wisconsinan ice 
advances, however no correlation has been attempted with deposits in 
the Great Valley. 
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B) Wisconsinan Moraine Complexes 
The most conspicuous moraine in New Jersey and Pennsylvania is 
the "Terminal Moraine" (Figure 4). It was mapped in New Jersey by 
Salisbury (1902) and only minor revisions of his maps have been 
made. Salisbury (1902) traced this moraine from Belvidere, N.J. to 
Long Island, but some workers (Connally and Sirkin, 1973) have 
suggested that it may not be continuous and may not be a 
chronostratigraphic unit. Shenker and Cadwell (1976) describe two 
types of ice margins along the "Terminal Moraine", which are a 
reflection of different modes of deposition in flat valleys and on 
high upland ridges. These two types of ice margins may not be 
contemporaneous. Shenker and Cadwell (1976) have also mapped five 
glaciofluvial sequences in the Pequest Valley which they consider to 
be associated with deglaciation from the "Terminal Moraine". 
In Pennsylvania, the "Terminal Moraine" has been mapped ~n 
great detail (Berg, 1975; Berg and others, 1977; Connally and 
Epstein, 1973; Crowl, 1975; Crowl and others, 1975; Crowl and Sevon, 
1980; Epstein and Epstein, 1969; Sevon, 1975a, 1975b; Sevon and 
others, 1975). The morphology and distribution of the "Terminal 
Moraine" in Pennsylvania, as in New Jersey, were greatly influenced 
by topography (Crowl and others, 1975; Crowl and Sevon, 1980). The 
"Terminal Moraine" of central Pennsylvania is frequently a flat 
sheet of ground moraine that thins near its southern limit. In many 
localities, a hummocky end moraine is built up with ground moraine 
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Wisconsinan "Terminal Moraine" 
Fiiure 4. Major Wisconsinan moraine complexes of eastern 
Pennsylvania and western New Jersey. (Compiled from Salisbury, 
1902; Herpers, 1961; Minard and Rhodehamel, 1969; Sevon and others, 
1975; Crowl and Sevon, 1980) 
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of the same age in front of it (Crowl, 1972, 1975, 1978). In 
eastern Pennsylvania, where valley and ridge topography exists, the 
moraine varies greatly in topographic expression and in some areas 
is discontinuous (Crowl, and others, 1975; Epstein, 1969; Connally 
and Epstein, 1973). As in New Jersey, highland areas in 
Pennsylvania are either driftless or are covered by tilly hummocks, 
while low valleys are marked by kames, kame terraces, heads of 
outwash, and preglacial lake deposits (Epstein and Epstein, 
1969; Epstein, 1969; Crowl and Sevon, 1980). 
Deglaciation from the "Terminal Moraine" 1.n Pennsylvania was 
also controlled by topography. In the Valley and Ridge Province, a 
series of kame deltas, kames and heads of outwash mark different 
stages of deglaciation (Epstein, 1969; Epstein and Epstein, 1969). 
In the Stroudsburg quadrangle, Connally and Epstein (1973) recognize 
seven ice retreat positions from the "Terminal Moraine" that are 
traceable to recessional positions in the East Stroudsburg (Bucek, 
1971) and Saylorsburg (Connally, pers. comm.) quadrangles. They 
also recognize one older position (Altonian) in front of the 
"Terminal Moraine". North of the "Terminal Moraine" in 
Pennsylvania, a recessional moraine, the Gouldsboro Moraine (Sevon, 
and others, 1975; Sevon, 1975b), has been mapped (Figure 4), but it 
is not clear whether this moraine is a contemporaneous east-west 
trending feature or represents separate morainal segments of 
slightly different ages (Connally, pers. comm.). 
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In New Jersey, recessional morainic deposits were recognized by 
Salisbury (1902) near Blairstown but no recent works have been 
attempted to verify their existence or extent. Such verification is 
one of the objectives of this thesis. 
Aside from the "Terminal Moraine", the other outstanding 
glacial feature of the Great Valley is the Ogdensburg-Culvers Gap 
Moraine (Figure 4) which has been traced in discontinuous pieces 
from the Delaware River to near Ogdensburg, New Jersey (Crowl, 
1971; Salisbury, 1902; Herpers, 1961; Minard, 1961; Sirkin and 
Minard, 1972; Minard and Rhodehamel, 1969). An extension of this 
moraine has also been proposed from Ogdensburg, southeastward to 
Denville, New Jer-sey·where Connally and Sirkin (1973) propose that 
it joins and is contemporaneous with the "Terminal Moraine" east of 
this point. However, detailed maps of this extension have not been 
published. Connally and Sirkin (1973) suggest that the "Terminal 
Moraine" east of Denville is younger than the "Terminal Moraine" 
west of this point (Figure 4). They also indicate that the 
Ogdensburg-Culvers Gap Moraine and its eastern extension are the 
maximum extent of the Hudson-Champlain Lobe during Late Wisconsinan 
time. Deglaciation from the Ogdensburg-Culvers Gap Moraine is 
marked by a series of recessional moraines and kame deltas left in 
front of the retreating ice margin (Connally and Sirkin, 1967, 1970, 
1973). These deposits are developed in the Wallkill Valley of New 
Jersey and New York. Sevon and others (1975) have proposed a 
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possible extension of the Ogdensburg-Culvers Gap Moraine into 
Pennsylvania. 
C) Provenance and Regional Ice Flow 
Slight variations of ice flow direction across the strike of 
the bedrock in the Great Valley are easily recognized in till 
provenance studies because bedrock lithologies differ greatly from 
formation to formation. Salisbury (1902) noted that the till north 
of the Ogdensburg-Culvers Gap Moraine contains Precambrian erratics 
from the east and till south of this moraine contains only erratics 
from the west. Connally and Sirkin (1973) cited this data as being 
evidence for the Ogdensburg-Culvers Gap Moraine representing a 
readvance position and the maximum extent of the Hudson-Champlain 
Lobe during Late Wisconsinan time. Erratics from the Beemerville 
Complex of northwestern New Jersey, because of their unique 
lithologies (nepheline syenite, lamprophyre, and trachyte) and 
limited source area, are useful for studying ice flow directions. 
Salisbury (1902) noted the occurrence of nepheline syenite erratics 
at many localities to the south. 
The original ice striae observations of Salisbury (1902) can be 
used as a guide to ice flow direction. However, his ice flow map 
(1902, Plate 8) should be reevaluated in light of the fact that 
striae throughout the Great Valley were not all formed 
contemporaneously. 
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D) Pedology and Relative Chronology 
The relative age differentiation of glacial deposits is 
possible using pedologic criteria since soil profile development and 
weathering increase with time. Also, whether a soil has been in 
existence through significant soil forming periods (interstadials) 
is also reflected by soil profile development and should be the 
dominant control on profile development (Morrison, 1967). 
Connally and Epstein (1973) proposed an "older drift" 
(Altonian) in eastern Pennsylvania, older than Late Wisconsinan 
(Woodfordian) but younger than pre-Wisconsinan age deposits. Seven 
(1973, 1974), in Carbon, Monroe and Lycoming Counties (Pa), noticed 
pedologic differences in Wisconsinan till deposits (Table 2). He 
has proposed pedologic criteria for age differentiation between Late 
Wisconsinan or Woodfordian and Early Wisconsinan or Altonian age 
deposits (Seven, 1974; pers. comm.). This method has been used by 
the Pennsylvania Geological Survey (Berg, 1975; Berg and others, 
1977; Epstein and others, 1974; Sevon, 1975a, 1975b). A recent 
study in central Pennsylvania, in the Susquehanna Valley (Marchand, 
1978), also cites pedologic evidence for two Wisconsinan Substages. 
E) Palynologic Studies and Radiocarbon Dating 
Pollen studies from the New Jersey Coastal Plain reveal the 
climatic record of New Jersey from as far back as the Sangamon 
Interglacial (Sirkin and others, 1970). The climatic changes 
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Drift ages: 
Woodfordian Alton ian Illinoian 
Attributes 
Thickness thin moderate to thick thick 
Weathering mainly unweathered rubified and 
of clasts unweathered to moderately deeply 
weathered weathered 
Chroma low low high 
Clay content low to moderate low to moderate high 
Solum depth 0.75 to 1.22 m 1.5 to 1.83 m 2.44 m 
or more 
Cryoplanation minor minor to moderate extensive 
Table 2. Field characteristics of till deposits in eastern 
Pennsylvania according to soil and weathering properties which give 
relative ages of the drift sheets after Sevon (1974) and revised by 
Sevon (pers. comm.). 
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associated with different stages of glaciation have been summarized 
by Sirkin (1977). He postulates periods of cooling associated with 
Late and Early Wisconsinan events which lasted from about 28,000 to 
18,000 years B.P. and 60,000 to 40,000 years B.P., respectively. 
Pollen profiles in the Wallkill Valley of northern New Jersey 
have been correlated with the pollen stratigraphy of southern New 
England (Sirkin and Minard, 1972). These radiocarbon dated pollen 
sequences place deglaciation from the Ogdensburg-Culvers Gap Moraine 
between 17,000 and 18,000 years B.P. (Connally and Sirkin, 1973). 
The New Hampton Moraine, in the upper Wallkill Valley of New York, 
has been radiocarbon dated in conjunction with pollen analyses. 
These dates place deglaciation from this moraine at about 15,000 
years B.P. (Connally and Sirkin, 1967, 1970, 1973). 
East of Kittatinny Mountain in New Jersey, four radircarbon 
dates are available from localities south of the Ogdensburg-Culvers 
Gap Moraine (Figure 5). The first locality has a date of 14,720 + 
260 years B.P. (I-4162) from the base of organic-rich silt above 
oligotrophic lake clays found at Glovers Pond near Johnsonburg, 
N.J. (Crowl and Stuckenrath, 1977). 
The second locality is at Francis Lake in Warren County, New 
Jersey, and here the dates are 18,390 ~ 250 (S-4921) and 18,570 + 
200 (S-5273) years B.P. (Cotter, in prep.). These dates were 
obtained from the basal organic sediments in the lake and are 
associated with a cool tundra pollen assemblage. If the dated 
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Fi~ure 5. Radiocarbon dates in Pennsylvania, New Jersey, and New York which are relevant to 
Wisconsinan glaciation. (Compiled from Harmon, 1968; Crowl and Stuckenrath, 1977; Crowl, 1980) 
material is related to deglaciation it indicates that the "Terminal 
Moraine" (between Denville, New Jersey and Kittatinny Mountain) is 
Woodfordian. 
The third locality at Budd Lake, New Jersey has a date of 
22,870 ± 900 years B.P. (I-2845) and is from a depth of 10.6 m in a 
13.7-m core of lake sediment (Figure 5) (Harmon, 1968). Budd Lake 
lies immediately in front of the "Terminal Moraine" which dams the 
lake. The date is from an organic layer near the base of glacial 
lacustrine rhythmites which are interpreted to have been deposited 
while ice sat in the northern end of the lake. At the time this 
radiocarbon date was published (Harmon, 1968), it was rejected 
simply as being "too old". However, this radiocarbon date clearly 
may be valid and the "Terminal Moraine" at Budd Lake would have to 
be Woodfordian. 
The fourth radiocarbon date is from the base of organic 
sediment in a bog on the south flank of Jenny Jump Mountain in the 
Blairstown quadrangle (Cadwell, pers. comm.). This site has a date 
of 19,340 ± 695 (GX-4279) years B.P. and marks the beginni.ng of 
organic deposition in the bog. 
Radiocarbon dates in Pennsylvania (Crowl, 1980) (Figure 5) 
obtained from localities west of Kittatinny Mountain, but south of 
the Pocono Escarpment, lie in an area that was deglaciated during 
Woodfordian tLme. From the Delaware River, west to the New York 
State line along the Olean Drift border and the "Terminal Moraine", 
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Cro~·l (1978, 1980) cites radiocarbon dates that range from 11,400 to 
15,300 years B.P. as dating Woodfordian deglaciation at about 16,000 
years B.P •• Most dates in New York are younger than those in 
Pennsylvania, however one date suggests that Crowl's estimate of the 
age of the Olean Drift border and the "Terminal Moraine" is too 
recent. This date, 16,650 ± 1800 (BGS-86) years B.P. (Cadwell, 
1981), from wood at the base of peat in a kettle bog at Chenango, 
New York, supports deglaciation from the "Terminal Moraine" earlier 
than 16,000 years B.P •• 
F) Wisconsinan Stratigraphic Interpretations 
Until the advent of modern detailed surficial mapping in 
eastern Pennsylvania and New Jersey, it was assumed that the 
"Terminal Moraine" represented the Woodfordian maximum position and 
that this feature was a chronostratigraphic unit along its entire 
extent. Deglaciation from the "Terminal Moraine" supposedly 
occurred between 17,000 and 18,000 years B.P. according to many 
workers (Dreimanis and Karrow, 1972; Prest, 1969). These reports 
were too broadly based to show many of the complexities of the 
"Terminal Moraine". 
In central Pennsylvania, a dichotomy exists in the 
interpretation of the age of the "Terminal Moraine". Workers in New 
York State consider the "Terminal Moraine" extending into 
Pennsylvania to be of Middle Wisconsinan age (Olean Substage) (Denny 
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and Lyford, 1963; Muller, 1977). Workers in Pennsylvania (Berg, 
1975; Berg and others, 1977; Crowl, 1980; Epstein, 1969; Sevon 
1975a, 1975b) consider the "Terminal Moraine" to be Woodfordian ~n 
age. 
In the Saylorsburg (Pa) quadrangle, south of the "Terminal 
Moraine", there appears to be an older, possibly Altonian, drift 
margin (Connally and Epstein, 1973) south of the "Terminal Moraine". 
It was also noticed that deposits of the "Terminal Moraine" 
northwest of Kittatinny Mountain appear to be pedologically 
different than deposits of the "Terminal Moraine" southeast of 
Kittatinny Mountain. It is difficult to say whether there ~s a 
significant age difference between these two areas because tills in 
these two areas have different lithologic and weathering 
characteristics and local climatic and elevation differences may be 
responsible for soil profile differences. 
If the "Terminal Moraine" between Kittatinny Mountain and 
Denville, New Jersey is continuous with the "Terminal Moraine" 
northwest of Kittatinny Mountain, these deposits would both have to 
be Late Wisconsinan (Woodfordian) age deposits (Figure 6). The 
Ogdensburg-Culvers Gap Moraine, its extension to Denville, New 
Jersey, and the "Terminal Moraine" east of Denville, New Jersey 
would then be Late Wisconsinan readvance positions of the 
Hudson-Champlain Lobe by virtue of the overlapping moraine 
relationships at Denville, New Jersey (Connally and Sirkin, 1973). 
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Figure 6. An interpretation of Wisconsinan ice pos~t~ons in eastern 
Pennsylvania and New Jersey. This interpretation recognizes the 
"Terminal Moraine" from Denville, New Jersey to west of the Pocono 
Escarpment in Pennsylvania as a continuous ice margin and as the 
terminal Woodfordian position in the Great Valley. East of 
Denville, the "Terminal Moraine" also represents the terminal 
Woodfordian position, however it was emplaced at a later time than 
segments of the "Terminal Moraine" west of Denville. The 
Ogdensburg-Culvers Gap Moraine and its proposed extension to 
Denville (Connally and Sirkin, 1973), and the "Terminal Moraine 11 
east of Denville mark the position of a Woodfordian readvance of the 
Hudson-Champlain Lobe. 
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If the maximum extent of the Hudson-Champlain Lobe, the 
Ogdensburg-Culvers Gap Moraine, and its eastern extension to 
Denville, New Jersey (Connally and Sirkin, 1973), is also the 
maximum extent of the Late Wisconsinan (Woodfordian) ice sheet in 
the Great Valley, the "Terminal Moraine" between Kittatinny Mountain 
and Denville, New Jersey would have to be pre-Late Wisconsinan 
(pre-Woodfordian) in age (Figure 7). 
The fact that overlapping Wisconsinan drift sheets, resulting 
from Late Wisconsinan readvance to th~ Ogdensburg-Culvers Gap 
Moraine, have not been shown conclusively, places serious doubts on 
the proposed extension of the Ogdensburg-Culvers Gap Moraine from 
Ogdensburg to Denville (Connally and Sirkin, 1973). Conclusive 
evidence in the form of overlapping till stratigraphy, provenance 
contrasts east of Ogdensburg, non-correlation of morpho-sequences at 
Denville, radiocarbon chronology, or unquestioned tracing of the 
Ogdensburg-Culvers Gap Moraine to Denville, has not been cited. If 
the proposed extension of the Ogdensburg-Culvers Gap Moraine from 
Ogdensburg to Denville (Connally and Sirkin, 1973) is incorrect, 
another interpretation of Wisconsinan ice margins in New Jersey is 
possible. The "Terminal Moraine" may be the earliest Late 
Wisconsinan (Woodfordian) position and other moraines in New Jersey 
are simply recessional positions with no Woodfordian readvances 
being present (Figure 8). In this situation, the Denville area 
would not be a re-entrant containing cross-cutting moraines but 
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/ 
~ Woodfordian recessional 
positions 
..J...ll.J.., Woodfordian terminal position 
~~ The "Terminal Morain•" 
ITIIJ] pre-Woodfordian drift 
Fi~ure 7. An interpretation of Wisconsinan ice positions in eastern 
Pennsylvania and New Jersey. This interpretation assumes that the 
Ogdensburg-Culvers Gap Moraine is the terminal Woodfordian position 
in the Great Valley and that the proposed extension of the 
Ogdensburg-Culvers Gap Moraine to Denville, New Jersey (Connally and 
Sirkin, 1973) is valid. The "Terminal Moraine" between Kittatinny 
Mountain and Denville is here a pre-Woodfordian deposit. 
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WISCONSINAN DEPOSITS 
, ~~ Woodfordian recessional positions 
- .....,. _., (dashed when• inferred) 
...__L L).. Woodfordian terminal position 
and the "Terminal Moraineu [J]} pre-Woodfordian drift 
Fi~ure 8. An interpretation of Wisconsinan ice positions in eastern 
Pennsylvania and New Jersey. This interpretation assumes that the 
"Terminal Moraine" is continuous and approximates the Woodfordian 
border, and all ice margins behind this position in New Jersey are 
parallel recessional deposits with no readvances of Woodfordian age. 
This interpretation conflicts with the proposed extension of the 
Ogdensburg-Culvers Gap Moraine to Denville, New Jersey (Connally and 
Sirkin, 1973). Dashed lines indicate hypothetical extensions of ice 
margins. 
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simply the result of lobate, valley ice flow versus retarded upland 
ice flow over contrasting physiographic provinces in New Jersey. 
G) Contemporaneous Investigations 
The New York State Museum Geological Survey is undertaking a 
project to complete a surficial map of the State of New York. New 
information in southeastern and central New York may help to unravel 
stratigraphic and chronologie problems in northern Pennsylvania and 
New Jersey. It is hoped that a correlation of ice margin positions 
in New York, New Jersey, and Pennsylvania will result from this 
project. 
A palynologic investigation of the Valley and Ridge Province of 
eastern Pennsylvania and western New Jersey is in progress (Cotter, 
in prep.). This study focuses on the detailed pollen stratigraphy 
of the Great Valley and Pocono Plateau. It will attempt to resolve 
the problem of the age of the "Terminal Moraine" in the Great 
Valley. 
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METHODS 
Field Mapping 
Detailed field mapping (scale 1:24,000) using the morphologic 
sequence concept of Jahns (Koteff, 1974) has been completed. This 
type of mapping has been used by the United States Geological Survey 
to map large areas of New England. A sequence, in this context, is 
a group of deposits associated with one period of deposition and 
having a common base level. Because of the lack of identifiable end 
moraines in the study area, this concept is extremely useful for 
determining ice retreatal positions. A sequence interpretation 
requires the logging of sediment grain size, sedimentary structures, 
current directions, lithologic sections and depositional slopes on 
terraces. All this data was recorded in the field. All mapping was 
done on USGS 1:24,000-scale topographic maps with a 20-foot contour 
interval (Plates 1 and 2). Important stratigraphic sections and 
exposures, and sample sites (all located on Plate 1) are described 
on Plate 3. An altimeter was used for determining elevations which 
required more precision than could be gained from topographic maps. 
Map Units and Deposits 
The surficial geology of the study area is compiled on Plate 1. 
Map units used on Plate 1 are given on Plate 2 and descriptions of 
these units are given in Appendix I. The interpretation of 
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morphologic sequences and ice margins is given on Plate 4 which also 
uses the units given on Plate 2 and described in Appendix I. Grain 
size data for sequence deposits is also given on Plate 4. 
Interpretations of ages of deposits and periglacial or glacial 
origins of deposits are discussed in the section on the "Recognition 
of the Wisconsinan Limit". Information critical to the evaluation 
of flood terraces is given in Appendix II. 
f~ovenance Analysis 
Provenance was studied by identifying pebble lithologies. The 
pebbles were classified by rock-type rather than by formation. This 
information was useful for the separation of sequences and the 
interpretation of regional ice flow trends. Over 200 sites were 
sampled for counts of at least 100 pebbles (Appendix III) in order 
to get a statistically large sample for the calculation of 
percentages. Sample sites are shown on Plate 1 (site nos. 1 thru 
208) and are described on Plate 3. All pebbles were taken from 
below a depth of 1.0 min order to avoid sampling highly weathered 
pebbles. Pebbles with a minimum diameter between 1.9 and 5.1 em 
were chosen from both till and stratified deposits. 
In addition to standard lithologic analysis all localities 
where calc-alkalic erratics from the Beemerville Complex of northern 
New Jersey occurred were recorded as were occurrences of basaltic 
erratics from small dikes found on Jenny Jump Mountain. The 
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occurrences were recorded because these two erratic types originated 
from point sources and thus are good indicators of ice flow 
directions in the Great Valley. 
~ Striation Analysis 
Ice striation data from previous studies (Epstein, 1973; Lewis, 
1884a; Miller and others, 1939; Salisbury, 1902; Ward, 1938) and the 
current field work was plotted and analyzed along with provenance 
data to assist ~n determining ice flow patterns. Ice striae are 
given on Plate 1. Multiple sites are labeled to show the relative 
age of the striae. 
Pedologic Analysis 
Eleven soil profiles were described, sampled and classified 
(Appendix IV). Flat, well drained sites with soils developed on 
different parent materials were selected. United States Department 
of Agriculture (Soil Survey Staff, 1960, 1961) classification and 
terminology was used. Soil horizons were defined by pedologic 
development, color (Munsell classification), field size estimates 
and soil structures. The relative age of the soil profiles was 
estimated using the system of Sevon (1974; pers. comm.) for the age 
differentiation of tills (Table 2). Because parent material 
variation was so great and appropriate sections were not always 
available, quantification of relative age relationships of soils was 
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not attempted. Soil Conservation Service soil surveys for 
Northampton County, Pennsylvania (Staley, 1974), and Warren County, 
New Jersey (Fletcher, 1979), were of limited value for age 
differentiation as the soil profiles described in these publications 
are generalized and frequently were not consistent with field 
observations. 
Chronostratigraphic Terminology 
The first Wisconsinan chronostratigraphy applied to the Great 
Valley was adopted from the Midwest by MacClintock (1954). 
Recently, workers in Pennsylvania (Sevon, 1974; pers. comm.) have 
adopted the Wisconsinan chronostratigraphy of Illinois (Frye and 
others, 1968) which has been revised by Evenson and ot.hers (1977) 
for the Michigan Lobe (Figure 9). Connally (1980; pers. comm.), 
Sirkin (1980; 1981) and Sirkin and Stuckenrath (1980) have redefined 
this Wisconsinan chronostratigraphy for Long Island and the 
Hudson-Champlain Lobe. They have defined new substages, the Nassaun 
and Portwashingtonian Substages (Sirkin and Stuckenrath, 1980), and 
redefined the Farmdalian and Altonian Substages based on radiocarbon 
dates and pollen stratigraphy for Long Island. The stratigraphy of 
Sirkin (1980, 1981), Connally (1980; pers. comm.) and Sirkin and 
Stuckenrath (1980) was not adopted for this study. The previously 
proposed stratigraphy in Pennsylvania adopted from Illinois by Sevon 
(1974; pers. comm.) has been kept for this study. The relationships 
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of this stratigraphy with rock stratigraphic units in the study area 
are discussed in the section on the age of Wisconsinan deposits. 
Although Leverett (1934) recognized Illinoian and Kansan age 
drift in Pennsylvania, no means of differentiating different ages of 
pre-Wisconsinan deposits was available during this study. Thus 
pre-Wisconsinan deposits are not classified further. 
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RESULTS 
Pre-Wisconsinan Glaciation and Stratigraphy 
A) Recognition and Distribution of Pre-Wisconsinan Deposits 
Highly weathered glacial deposits of probable pre-Wisconsinan 
age were recognized outside the Wisconsinan border. Pre-Wisconsinan 
deposits were distinguished from Wisconsinan deposits by their thick 
soil profiles that have more than 2.4 m of oxidation and clay 
translocation and generally much more intense weathering. In 
addition, the oxidized zones were orange and red in color, ranging 
from 7.5YR (refer to Munsell Soil Color Chart) in colluviated 
material to 2.5 to SYR in non-colluviated deposits. Many rubified 
pebbles were found in pre-Wisconsinan soils, especially in 
stratified materials while none were found in Wisconsinan deposits. 
The distribution of pre-Wisconsinan glacial deposits LS 
restricted mostly to low carbonate terrains surrounding the Delaware 
River outside the Wisconsinan border. Pre-Wisconsinan till (Qpwt) 
also occurs beneath Wisconsinan till and recent colluvium along the 
base of Kittatinny Mountain northeast of Bangor, Pennsylvania (site 
no. 12, Plate 1). The preservation of pre-Wisconsinan deposits is 
extremely poor on the Martinsburg Formation and in the New Jersey 
Highlands because of colluviation and periglacial mass movement on 
steep slopes. 
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B) Non-Stratified Deposits 
Pre-Wisconsinan till occurs in the Delaware Valley on carbonate 
terrains where it has very thick soil development and intense 
weathering to a depth of more than 3 m. Pre-Wisconsinan morainic 
topography may exist at one location in the Delaware Valley 2.4 km 
southeast of Brainards, New Jersey in the Bangor quadrangle (site 
no. 214, Plate 1). Subtle hummocky topography and small kettle-like 
depressions occur, similar to those seen in the Susquehanna Valley 
of central Pennnsylvania by Marchand (1978). The morainic area has 
a higher boulder frequency and thicker till than adjacent areas. 
Other areas with thick pre-Wisconsinan till, in particular 1.6 km 
northeast of Uhlers Crossing and 4 km northwest of Martins Creek, 
Pennsylvania, in the Bangor quadrangle (both Qpwt on Plate 1), did 
not display the same hummocky topography. Because the hummocky 
topography overlies carbonate rocks, karst processes may not be 
ruled out as a possible cause of the hummocky topography. 
C) Stratified Deposits 
Stratified deposits (Qpws and Qpwd on Plate 1) of assumed 
pre-Wisconsinan age occur at four localities within the study area. 
The largest of these deposits is labeled as Qpws in the Bangor and 
Easton quadrangles (site no. 223, Plate 1) on the New Jersey side of 
the Delaware River. The surface of this deposit is covered with 
sand and gravel and has a maximum elevation of more than 146 m (480 
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ft). This deposit is interpreted as deltaic because its elevation 
(91 m above the Delaware River) is too high for the deposit to be 
the result of outwash or valley train deposition in the Delaware 
River Valley. Unfortunately, no sedimentary structures were exposed 
in this deposit to verify this conclusion. North of Chestnut Hill 
(Plate 1) on the Pennsylvania side of the Delaware River there is a 
till plain and lack of stratified deposits. The absence of 
stratified deposits on the flat till surface north of Chestnut Hill 
in Pennsylvania suggests that ice occupied the Pennsylvania side of 
the Delaware River while the high terrace in New Jersey was being 
deposited, thus making the deposit in New Jersey an ice-contact 
deposit. 
If the high-level terrace in New Jersey is a kame delta, a 
means of plugging the valley is necessary. It is possible that ice 
from the northwest plugged the gap between Chestnut Hill and Marble 
Mountain (Diagram A of Figure 10). If this was the situation, 
drainage would have been forced across a col which is north of 
Marble Mountain and 0.5 km from the Delaware River at an elevation 
of 131m (430ft). Another possible dam could be southeastward 
flowing ice south of Marble Mountain (Diagram B of Figure 10). This 
ice would plug the gap between Marble Mountain and Chestnut Hill by 
crossing the Delaware River. 
Another stratified deposit occurs west of the Delaware River 
north of Chestnut Hill in the Easton quadrangle (site no. 227, Plate 
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Figure 10. Ice geometries in pre-Wisconsinan time created to form a 
delta (elev. 146 m) north of Marble Mountain. 
A. Plugging of the Delaware Valley by ice from the north in the 
Great Valley. A glacial lake is formed behind a spillway between 
Chestnut Hill and Marble Mountain. 
B. Plugging of the Delaware Valley by ice in areas south of 
Marble Mountain and Chestnut Hill. A glacial lake is formed behind 
spillways along the north side of Chestnut Hill. 
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1) at an elevation of 109m (360ft). About 6 m of very heavily 
oxidized, red colored (5YR) pebbly gravel containing rubified clasts 
is poorly exposed above about 3 m of saprolite developed in 
dolostone of the Beekmantown Group. The elevation of this deposits 
suggests that it may be deltaic. 
Another lower pre-Wisconsinan stratified deposit occurs near 
Brainards, New Jersey, in the Bangor quadrangle (site no. 207, Plate 
1). This small gravel terrace, 15m above the Wisconsinan valley 
train, is probably a valley train deposit, an interpretation 
suggested by its position, terrace-like form, and elevation. Gravel 
test pits to a depth of 6.1 m reveal a well-developed 
pre-Wisconsinan soil profile (Appendix IV, profile PW-2) to a depth 
of 4 m with intense weathering, red coloration (2.5-SYR), and 
rubified pebbles. 
The third occurrence of pre-Wisconsinan stratified material was 
observed in the foundation of an industrial building 1.2 km 
northeast of Uhlers Crossing in the Bangor quadrangle (site no. 8, 
Plate 1). It consists of well-sorted fluvial sands and gravels. 
These deposits are considered to be pre-Wisconsinan since they are 
clay-rich, heavily oxidized and truncated by both erosion and 
colluviation. They are not exposed at the surface (Appendix IV, 
profile PW-1). As much as 10m of colluvium, derived from an 
escarpment to the north, overlies this deposit in some places. The 
deposit itself overlies a saprolite developed in limestones of the 
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Jacksonburg Formation (Ordovician). Large channels, which are 
either glacial meltwater channels or karst features, may be 
associated with these deposits. The gravels and well-sorted sands 
are probably remnants of outwash or delta deposits which occupied 
the channels and low areas near Uhlers Crossing. 
D) Buried Pre-Wisconsinan Till and Colluvium 
Red colored (5YR) clayey colluvium, red colored (5YR) till 
containing heavily rubified pebbles and ghosts, and saprolitic slate 
of the Martinsburg Formation were found beneath unoxidized reddish 
brown colored (7.5 to lOYR) Wisconsinan till along the southeast 
flank of Kittatinny Mountain, 1.6 km east of Fox Gap in the 
Stroudsburg quadrangle (site no. 12, Plate 1). This area lies 
inside the "Terminal Moraine" in the lee of Kittatinny Mountain. 
Therefore, it was probably protected from extensive scour and 
erosion by advancing Wisconsinan ice from north of the mountain. 
E) Colluviation of Pre-Wisconsinan Deposits 
The amount of colluviation of pre-Wisconsinan deposits in areas 
outside the Wisconsinan border, is extensive. Most pre-Wisconsinan 
deposits are colluviated in their upper 2 m. Most colluvium outside 
the Wisconsinan border is composed of heavily weathered glacial 
material and reworked soil material which gives it a distinct orange 
color (5 to 7.5YR). Since most colluvium contains transported 
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weathered material it is assumed that colluviation occurred after a 
time of intense weathering and soil development (Sangamon 
Interglacial?). Colluviation probably occurred during the 
Wisconsinan Stage. 
Large colluvium blankets of both bedrock residuum and reworked 
glacial material have moved over most pre-Wisconsinan landscapes 
that are adjacent to scarps or steep gradients. This can be seen 
especially well along the south flank of Kittatinny Mountain, the 
south flank of the Martinsburg Formation from Uhlers Crossing to the 
Wisconsinan border in the Delaware Valley, and on the north flank of 
Marble Mountain. Blankets of colluvium as thick as SO m may cover 
pre-Wisconsinan glacial deposits and bedrock surfaces along these 
slopes. On Plate 1, colluvium derived from glacial till is mapped 
as Qct, colluvium derived from bedrock float, soil material and 
glacial deposits is mapped as Qco, and colluvium derived from slate 
chips of the Martinsburg Formation is mapped as Qsc. 
F) The Harmony Soil 
Three localities have revealed a pre-Wisconsinan soil which is 
here informally named; "the Harmony Soil" (new term), after the 
township in which it occurs. A full Harmony Soil profile was found 
at two locations; in a valley-train terrace at Brainards, New Jersey 
(type locality, Appendix IV, profile PW-2, site no. 207 on Plate 1)) 
and the other in a till, 2.4 km southeast of Brainards, New Jersey 
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(site no. 214 on Plate 1, previously discussed in regards to 
morainic topography). A buried and truncated profile of the Harmony 
Soil was also seen at Hutchinson, New Jersey (site no. 201, Plate 
1) • 
The Harmony Soil has about 2.4 to 3.5 m of soil development and 
two distinct1.ve "B" horizon colors (Appendix IV, profile PW-2). The 
upper 1.2 m is a yellow colored (2.5Y to lOYR), clayey horizon and 
overlies 1.2 to 1.8 m of red colored (5YR), clayey material. The 
Harmony Soil may be equivalent in age (Sangamon ?) to the soil 
developed on pre-Wisconsinan (Illinoian ?) outwash further south 1.n 
the Delaware Valley at Turkey Hill in Bucks County, Pennsylvania 
(Lockwood and Meisler, 1960). 
At Brainards, New Jersey the Harmony Soil is developed on 
pre-Wisconsinan stratified deposits. In addition, redeposited 
clasts of Harmony Soil were found in Wisconsinan till and outwash 
gravels within a Wisconsinan terrace at this locality (site nos. 156 
and 213, Plate 1). The redeposited soil material has the distinct 
red color (5YR) of the Harmony Soil but does not contain pebble 
ghosts or weathered pebbles. The till is composed of angular 
limestone fragments of the Jacksonburg Formation, redeposited soil 
material, and redeposited fluvial (well rounded) clasts. 
At Hutchinson, New Jersey, a truncated Harmony Soil profile is 
found developed on pre-Wisconsinan fluvial sand and gravel which 
underlies 10 to 15m of Wisconsinan outwash (site nos. 200 and 201, 
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Plate 1, shown in Figure 11). It is distinctly red colored (SYR) 
and contains abundant yellow shale and carbonate pebble ghosts 
(Figure 12). The sandstone and quartzite pebbles in this deposit 
are heavily rubified. 
G) Age of Pre-Wisconsinan Drift 
No means of accurately dating the pre-Wisconsinan deposits is 
available. However, on the basis of depth to unweathered material 
(greater than 3m), color (2.5 to SYR), type of B horizon 
development (moderat~ly strong argillic B), and pebble rubification, 
these soils are probably Illinoian in age and thus have Sangamon 
soil development. This has been suggested in the past by Leverett 
(1934), Miller and others (1939), Miller (1941), Lockwood and 
Meisler (1960), Seven (1974), and Seven and others (1975). The 
pre-Wisconsinan deposits of the Great Valley and soil development on 
them most closely resemble the youngest pre-Wisconsinan deposits of 
the Susquehanna Valley in central Pennsylvania (Marchand, 1978) 
which are referred to as the "White Deer drift". 
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Figure 11. The partly eroded Harmony Soil formed on pre-Wisconsinan 
glacial gravels beneath Late Wisconsinan outwash gravel in the 
section at Hutchinson, New Jersey in the Belvidere (NJ-Pa) 
quadrangle (site no. 201, Plate 1). Note the several large cobbles, 
possibly forming a lag deposit, on top of the Harmony Soil (shovel 
is about 0.5 m long). 
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Figure 12. Pebble ghosts in the Harmony Soil in the section at 
Hutchinson, New Jersey in the Belvidere (NJ-Pa) quadrangle (site 
no. 201, Plate !)(pencil is 18 em long). 
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Recognition of the Wisconsinan Limit 
The maximum extent of Wisconsinan glaciation in the Great 
Valley does not coincide with the "Terminal Moraine". Commonly the 
Wisconsinan limit is delineated by the edge of a thin till sheet and 
the limit of unweathered erratics in front (0.5 to 6.0 km) of the 
"Terminal Moraine". In general, depth to unweathered material is 
deeper, periglacial activity has been more intense, and colluvium is 
much thicker outside the Wisconsinan limit than behind this limit. 
However, the character of the Wisconsinan border varies greatly with 
differences in the underlying bedrock, elevation, and topography, 
making it necessary to define the nature of areas adjacent to the 
Wisconsinan border on different terrains using four surficial models 
(Plate 5). These models catagorize: (1) carbonate valleys (for 
which there are two models); (2) shale and slate uplands; and (3) 
crystalline highlands of New Jersey (Plate 5). Each of these models 
is explained and discussed in the following section. 
A) Surficial Models for the Wisconsinan Border Area 
1) Carbonate Valley Facies 
Wisconsinan deposits in carbonate valleys have two distinct 
features (Plate 5, models A and B). First, the "Terminal Moraine" 
is not represented by a moraine composed of till but instead 
consists of kame complexes and heads of outwash, such as those at 
Foul Rift, New Jersey (Plate 4 in the Belvidere quadrangle. Second, 
- 51 -
because the carbonate valleys are usually broad, a large lobate, 
extensive ice margin is the most common. Two types of carbonate 
valley models have been delineated. They are: (1) valley areas 
which are covered by Wisconsinan valley-fill deposits (Plate 5, 
model A); and (2) those which are not covered by Wisconsinan 
valley-fill deposits (Plate 5, model B). These areas occur next to 
one another and differ in: (1) the types of Wisconsinan deposits 
that are found at the surface; and (2) the traceability of 
Wisconsinan till. 
On the diagramatic representation of carbonate valley areas 
covered by Wisconsinan valley-fill deposits, in areas behind the 
position of the "Terminal Moraine" (right side of model A, Plate 5), 
the valley floor is covered by thick kames and outwash. These 
deltaic and fluvial deposits are sometimes interbedded with loose 
till and are underlain by a firm, gray Wisconsinan lodgement till in 
most areas. Slightly weathered carbonate bedrock may be found 
beneath these deposits, but most commonly the bedrock behind the 
"Terminal Moraine" has been smoothed to show a striated unweathered 
surface. Moving south of the position of the "Terminal Moraine" 
(center of model A, Plate 5), gravel deposits conceal the limit of 
Wisconsinan till in areas covered by valley-fill deposits. The 
limit of Wisconsinan ice cover is inferred in these areas by the 
limit of Wisconsinan tills exposed in gravel pits and the limit of 
Wisconsinan tills on adjacent valley walls. A loose, gravelly 
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Wisconsinan till is found within Wisconsinan outwash gravel as far 
south as Brainards, New Jersey in the Bangor quadrangle (site 
no. 213, Plate 1). The Wisconsinan limit is placed immediately 
south of this position. At Brainards, New Jersey pre-Wisconsinan 
gravel and soil development was also found beneath Wisconsinan 
gravel. The top of this deposit has been eroded but is still 
heavily oxidized, very clayey, red colored (5YR), and contains many 
rubified pebbles and ghosts. Carbonate bedrock in this area is 
usually more weathered than behind the position of the "Terminal 
Moraine'' and may be saprolitic. Lag deposits in the form of lines 
of large boulders generally separate Wisconsinan and pre-Wisconsinan 
deposits. 
Beyond the Wisconsinan limit (left side of model A, Plate 5), 
Wisconsinan valley-fill directly overlies colluvium and 
pre-Wisconsinan glacial deposits. Carbonate bedrock in this area is 
heavily weathered and usually saprolitic. Occasionally, colluvium 
and grezes litees deposits may fan out on to the perimeter of 
Wisconsinan valley-fill terraces from adjacent valley walls or hill 
slopes containing slate of the Martinsburg Formation. Grezes litees 
deposits were observed in gravel pits 1.6 km east of Martins Creek, 
Pennsylvania in the Banbor quadrangle (Qsc, site no. 216 on Plate 
1) • 
Carbonate valley areas not covered by Wisconsinan valley-fill 
deposits are shown diagramatically on model B of Plate 5. Behind 
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the position of the "Terminal Moraine" (right side of model B, Plate 
5), the valley may have scattered kame deposits but is generally 
covered by a dark gray, carbonate rich till. The "Terminal Moraine" 
is represented by scattered kame deposits. In front of the 
"Terminal Moraine", the lodgement till thins and grades into a loose 
till composed of reworked soil material, colluvium, older glacial 
deposits, and highly weathered bedrock (center of model B, Plate 5). 
Older soils and glacial deposits are more frequently preserved 
beneath Wisconsinan till as the Wisconsinan border is approached. 
Bedrock becomes progressively more weathered beneath Wisconsinan 
till as the Wisconsinan border is approached and carbonate karst 
topography may be preserved beneath Wisconsinan till near the 
Wisconsinan limit (center of model B, Plate 5). Beyond the 
Wisconsinan limit (left side of model B, Plate 5), the surface of 
carbonate valley areas not covered by Wisconsinan valley-fill are 
covered by pre-Wisconsinan till and stratified deposits, and 
pre-Wisconsinan soils or thick colluvium. Highly weathered or 
saprolit~c bedrock may also occur at the surface in this area. 
Occasionally, large blocks of porous chert may be found which are 
remnants of dissolved cherty dolostones of the Beekmantown Group. 
2) Shale and Slate Upland Facies 
Surficial deposits on the shale and slate uplands of the 
Martinsburg Formation are shown diagramatically on model C of Plate 
5. The slate uplands are about 120m above the adjacent carbonate 
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valleys and may have as much as 100m of local relief. Behind the 
"Terminal Moraine" (right side of model C, Plate 5), Wisconsinan 
ground moraine and recessional moraine deposits are generally thick 
and valleys in this area of the dissected slate upland have been 
filled with till deposits. Dissection of the slate upland becomes 
more pronounced near the "Terminal Moraine". Ocassionally, 
saprolitic slate and deeply oxidized pre-Wisconsinan till may be 
found beneath unweathered Wisconsinan till on the lee sides of hills 
(southwest side) protected from Wisconsinan ice flow. The "Terminal 
Moraine" in this area is a discontinuous feature showing subtle 
constructional topography (center of model C, Plate 5). Wisconsinan 
till in front of the "Terminal Moraine" is very thin and has a 
patchy distribution. This till is composed mostly of slate chips 
and some reworked weathered material, and contains fewer erratics 
than till in the "Terminal Moraine". The Wisconsinan limit is 
delineated by the limit of this patchy drift and the limit of 
numerous unweathered sandstone and quartzite erratics. Wisconsinan 
till outside the "Terminal Moraine" is frequently colluviated where 
it has been plastered on the sides of deeply dissected valleys of 
the slate and shale upland. No shale-chip colluvium or grezes lite~ 
deposits were found within the Wisconsinan limit. Outside the 
Wisconsinan limit (left side of model C, Plate 5), non-colluviated 
pre-Wisconsinan till or soils are rare. Only colluviated remnants 
of pre-Wisconsinan till remain (Qct on Plate 1) and occur only on 
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flat surfaces at the tops of hills away from steep slopes. These 
deposits are usually less than 1 m thick and generally overlie 
highly weathered or saprolitic slate. Almost all slopes are covered 
by slate-chip ("sharpstone") colluvium deposits or geliflucted slate 
chips (Embleton and King, 1975). Geliflucted slopes usually have a 
0.6 to 1.5 m veneer of slate chips which contains round plications 
(Figure 13). Because no evidence of recent slope activity, such as 
tilted tree stands or overflow on to roads was found, I believe that 
these deposits are mostly periglacial in origin. Periglacial 
activity is known in areas of New Jersey to the south and east 
(Walters, 1978) and thus probably influenced this area during the 
Wisconsinan Stage. Gelifluction probably occurred during the 
Wisconsinan as is indicated by the occurrence of pre-Wisconsinan 
soils and colluviated pre-Wisconsinan glacial deposits found beneath 
geliflucted slate beds in valleys outside the Wisconsinan limit. 
3) Crystalline Highland Facies 
A diagramatic representation of surficial facies near the 
Wisconsinan limit on crystalline highlands of New Jersey is given on 
model D of Plate 5. Areas behind the "Terminal Moraine" (right side 
of model D, Plate 5), are generally lacking in till deposits or have 
very thin veneers of sandy till. Bedrock surfaces are usually 
smoothed and may be highly polished and have numerous dolostone and 
sandstone erratics on them (Figure 14). Occasionally, saprolites up 
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Figure 13. Geliflucted shale and slate chips showing a plication in 
the Bangor (Pa-NJ) quadrangle (site no. 221, Plate 1). This is 
typical of Wisconsinan age periglacial features on the high slate 
hills of the Martinsburg Formation (Ordovician) ~n areas outside the 
Wisconsinan border (pen is 17 em long). 
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Figure 14. A highly smoothed crystalline bedrock surface on 
northern Jenny Jump Mountain within the Wisconsinan border. Note 
the large, banded dolostone erratic at the right center of the 
figure. 
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to 12m thick, formed in gneiss, may be found (Figure 15). The 
saprolites show evidence of chemical alteration and leaching of 
biotite to form vermiculite and the alteration of feldspars to form 
kaolinite and illite. These saprolites occur ~n areas 
topographically protected from erosion by the Wisconsinan ice sheet. 
The thickness of these saprolites and the types of mineral 
alteration seen as well as their occurrence all suggest a 
pre-Wisconsinan origin rather than a postglacial origin as suggested 
by Minard (1959). 
The "Terminal Moraine" (center of model D, Plate 5) is 
generally composed of brown, sandy till but may be composed of gray, 
carbonate rich tills in areas adjacent to carbonate valleys. The 
moraine usually has extremely well-developed constructional 
topography and local relief within the moraine may be up to 30 m. 
Between the "Terminal Moraine" and the Wisconsinan limit 
(center of model D, Plate 5), is a zone of very thin and sparse 
Wisconsinan till deposits. This till may contain previously 
weathered redeposited soil material. The Wisconsinan limit is 
mapped as the limit of dolostone, sandstone and conglomerate 
erratics. Immediately in front of the Wisconsinan limit (left side 
of model D, Plate 5), is commonly encountered a zone of very angular 
bedrock blocks which cover the surface and this material is here 
informally called the "rubble facies" (Figure 16). The rubble 
facies contains no glacial erratics and an extermely loose blocky 
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Figure 15. A pre-Wisconsinan saprolite developed on cry~talline 
bedrock (gneiss) which is preserved within the Wisconsinan border 
( si.te no. 236 in the Blairstown (NJ) quadrangle, Plate 1). 
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Fi~ure 16. The rubble facies on School House Mountain in the 
Washington (NJ) quadrangle outside the Wisconsinan border. Note the 
angular shape of the crystalline bedrock boulders. 
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structure with no matrix material or a highly weathered, orange 
colored (S-7.SYR) sandy soil matrix. Most of the occurrences of the 
rubble facies are on slopes and when they are found on flat surfaces 
may contain more matrix material. These deposits are believed to be 
the result of Wisconsinan periglacial activity. 
In sharp contrast to the rubble facies, areas further from the 
Wisconsinan border are characterized by tors (left side of model D, 
Plate 5). The tors are rounded, well-weathered granitoid gneiss 
outcrops. Commonly, large rounded bedrock blocks and statues are 
found lying on top of the underlying bedrock from which they were 
formed (Figure 17). Bedrock statues in this area are deeply 
weathered along joint planes (Figure 18) and are commonly surrounded 
by small aprons of grus. Tors are generally thought to be the 
result of periglacial and chemical weathering (Embleton and King, 
1975) and this appears to be the situation in New Jersey. All tor 
surfaces occur on high, non-drift covered promontories and were 
probably exposed to pre-Wisconsinan (Sangamon) weathering. In 
contrast, crystalline rock surfaces within the Wisconsinan border do 
not have any tors. I suggest that the tors are the result of 
mechanical periglacial weathering of previously, chemically 
weathered (pre-Wisconsinan) bedrock surfaces. Bedrock within the 
Wisconsinan limit has either had substantial pre-Wisconsinan 
weathering removed by glacial scouring or has been covered by till 
and could not have been affected by later periglacial action. 
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Fi~ure 17. Bedrock statues or tors formed on crystalline bedrock 
(gneiss) at Stewart Gap on School House Mountain, outside the 
Wisconsinan border in the Washington (NJ) quadrangle. 
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Fi~ure 18. Joint plane weathering of the crystalline bedrock 
surface on School House Mountain in the Washington (NJ) quadrangle 
outside the Wisconsinan border. 
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B) Jenny Jump Mountain Nunataks 
Jenny Jump Mountain (Plate 1) extends from Southtown, New 
Jersey (north), to Bridgeville, New Jersey (south), and is typical 
of crystalline bedrock mountains in the New Jersey Highlands (Plate 
5). Two areas above an elevation of 305m (1000 ft) on the southern 
most extension of the mountain display well-developed tors (Figure 
19). These two areas are interpreted as nunataks. 
Northern portions of Jenny Jump Mountain are highly smoothed or 
polished as far south as Mountain Lake (Figure 14). In this area, 
till becomes progressively thicker to the south. Further south, a 
small moraine crosses the crest of the mountain. Beyond this 
moraine, to the south, the till becomes progressively thinner and 
the Wisconsinan border was located by the occurrence of dolostone, 
quartzite conglomerate and red sandstone erratics. A very thin zone 
composed of rubble facies occurs on a flat surface between the 
erratic limit and the two tor areas. 
The following additional evidence also supports the hypothesis 
that Jenny Jump Mountain was a nunatak: 
A) The very sharp nature of the contact between the erratic 
limit and rubble facies on top of the mountain suggests 
that this line represents the Wisconsinan border. 
B) Because nunataks are good heat conductors in contrast to a 
surrounding ice sheet, it would be difficult for the ice 
sheet to build up sufficient thickness to completely cover 
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Figure 19. Tors or bedrock statues formed of crystalline bedrock on 
the Jenny Jump Mountain nunatak surface. 
-66-
the mountain given that the Wisconsinan border lies just 
south of the Pequest River at an elevation of 213 m (700 
ft). 
C) Ice did not reach an elevation of 305 m (1000 ft) at the 
same lateral position to the east across Valley. on 
Mt. Mohepinoke. 
D) If the Beaver Brook Lobe had been extensive enough to 
completely cover Jenny Jump Mountain and spill over into 
the Mountain Lake Valley, a more extensive Mountain Lake 
Lobe would be expected in the Pequest River Valley. 
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The Wisconsinan Stratigraphy of the Great Valley 
A) Wisconsinan Stratigraphic Terminology 
The most widely used chronology for the Wisconsinan Stage in 
eastern Pennsylvania and New Jersey is that of Sevon (1974). This 
chronology, modified after that of the Illinois Geological Survey 
(Frye and others, 1968), recognizes two periods of Wisconsinan ice 
advance, an Early Wisconsinan or Altonian ice advance and a Late 
Wisconsinan or Woodfordian ice advance. Northwest of Kittatinny 
Mountain in Pennsylvania, deposits from both these time periods have 
been recognized (Connally and Epstein, 1973; Sevon, 1974). The 
Woodfordian deposits have been correlated with the Olean Drift of 
New York and central Pennsylvania and the Altonian deposits have 
been called the Warrensville Drift (Crowl and Sevon, 1980). 
Sevon and others (1975) suggested that deposits of both 
Altonian and Woodfordian age advances are present southeast of 
Kittatinny Mountain. However, others maintain that only one 
Wisconsinan drift covers the Great Valley as far south as the 
"Terminal Moraine" (Connally and Sirkin, 1973; Connally, 1980; 
pers. comm.). At present, Sevon (pers. comm.) indicates that he has 
no evidence for two Wisconsinan drifts south of Kittatinny Mountain. 
B) Wisconsinan Drift in the Great Valley 
The conclusion that is adopted here is that surface deposits of 
Wisconsinan age in the Great Valley were all deposited during the 
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Woodfordian Substage. This drift sheet is here called the "Great 
Valley Drift". A second conclusion is that the "Terminal Moraine" 
does not represent the maximum extent of the Great Valley Drift or 
the Wisconsinan limit. Recognition of this border has been 
discussed in the section on the "Recognition of the Wisconsinan 
Limit". 
The age equivalency of the Wisconsinan limit and the "Terminal 
Moraine" as part of the Great Valley Drift will be discussed first. 
Then the age of the Great Valley Drift will be discussed, and 
finally, Wisconsinan deposits occurring beneath till of the Great 
Valley Drift will be discussed. The relationships of chronologie 
and stratigraphic units in the Great Valley are shown in Figure 20. 
1) The Great Valley Drift 
The "Terminal Moraine" and Wisconsinan deposits beyond it in 
the Great Valley are both parts of the Great Valley Drift as is 
suggested by the nearly concentric relationships of the "Terminal 
Moraine" and the Wisconsinan border. The Wisconsinan border mimics 
the shape of the "Terminal Moraine" and generally lies 0 to 2 km 
beyond the "Terminal Moraine" in upland areas and up to 8 km beyond 
it in lower areas (Plate 5). At no point does the "Terminal 
Moraine 11 form the Wisconsinan barber. 
Wisconsinan sequences that were deposited subsequent to the 
emplacement of the 11Terminal Moraine" have the same amount of soil 
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development as Wisconsinan sequences that were deposited prior to 
emplacement of the "Terminal Moraine". This relationship occurs in 
the upper Pequest Valley and the Oxford Basin (Plates 1 and 4). 
Deltaic sequence deposits in the Oxford Basin (sequence Qol) were 
deposited before deposition of the "Terminal Moraine 11 at Townsbury, 
New Jersey. Their soil profile and parent materials (Appendix IV, 
profile WS-3, site no. 25 on Plate 1) are nearly identical to those 
of deltaic deposits behind the "Terminal Moraine 11 south of Great 
Meadows, New Jersey (sequence Qp2, see Appendix IV, profile WS-4, 
site no. 29 on Plate 1). 
In the Delaware Valley (Plate 1), till south of the Foul Rift 
Kames, which were deposited after the "Termianl Moraine", has an 
older appearance. Soils appear to show more oxidation and contain 
many highly weathered clasts. Highly oxidized (as indicated by 
limonite coatings) and pitted quartzite and sandstone clasts occur 
within the till (Figure 21). The older appearance of this till ~s 
presumably the result of incorporation of pre-Wisconsinan drift and 
soils into the Great Valley Drift. In addition, this till, when 
contrasted with deposits of the Foul Rift Kames has an older 
appearance simply because of textural differences which make the 
kame gravels appear less weathered and therefore younger. A 
correlation of deposits in the Oxford Basin with those in the 
Delaware Valley till suggests that this is true. The moraine at 
Townsbury, New Jersey, and the Foul Rift Kames are both parts of the 
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Figure 21. Pre-Wisconsinan drift material incorporated within 
Wisconsinan till and outwash deposits southwest of the Foul Rift 
Kames in the Delaware Valley (Belvidere (NJ-Pa) quadrangle). Note 
the weathered character of clasts which is not characteristic of 
most exposures of Great Valley Drift behind the "Terminal Moraine". 
A. Pitted, limonite encrusted and varnished Shawangunk 
Formation sandstone boulder. 
B. Carbonate ghost found at a depth of 8 m below a recent 
soil profile in Late Wisconsinan (Great Valley Drift) 
outwash. 
C and D. Heavily pitted quartzite (C) and red sandstone (D) cobbles 
with slight oxidation. 
E. Rotten limestone or dolostone cobble found at a depth of 
10m in outwash of the Great Valley Drift. The cobble 
consists of a remnant, web-like network of quartz veins 
and chert beds. 
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"Terminal Moraine" system as shown by the tracing of end moraines 
through the Mountain Lake and Pequest Valleys (Plate 4) and the 
correlation of sequence deposits (Plate 6). Deltaic sequence 
deposits in Stage I of Glacial Lake Oxford (sequence Qol), were 
deposited prior to the "Terminal Moraine" at Townsbury, New Jersey. 
These deposits however are a part of the Great Valley Drift sheet as 
shown by soil development similar to sequence deposits behind the 
"Terminal Moraine". The pending of Stage I of Glacial Lake Oxford 
to an elevation of 174m (570ft), required ice to dam the Pequest 
Valley south of Bridgeville, New Jersey. In fact, ice reached an 
elevation of 207 m (680 ft) southwest of Bridgeville during the 
ponding of Stage I of Glacial Lake Oxford. This ice margin, the 
Wisconsinan limit (Plate 4), was traced down valley along the flank 
of Scotts Mountain, well south of the Foul Rift Kames. This ice 
margin would have covered the floor of the Delaware Valley. Despite 
the fact that till there appears older it is a part of the younger 
appearing Great Valley Drift sheet. Ward (1938, p. 38-39) must be 
credited with evaluating the correct age of the till in the Delaware 
Valley. He observed that till southwest of the Foul Rift Kames had 
an "intermediate color", having mixed "dark" Illinoian till and 
fresh, "light" Wisconsinan till. Ward (1938) proposed that the 
older appearing till south of Foul Rift was the result of "the 
Wisconsin[an] glacier bringing fresh material and incorporating it 
with older, more weathered Illinoian debris". 
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2) Age of the Great Valley Drift 
Pedologic Evidence 
Nine soil profiles in both stratified and non-stratified 
glacial deposits of the Great Valley drift sheet were described 
(Appendix IV, profile series WS and WT). The shallow depth of 
weathering in all these profiles suggest that the Great Valley Drift 
sheet is Woodfordian in age. The shallow depth of weathering in all 
these profiles on till and stratified deposits all had weathering 
developed to depths of less than 122 em (4.0 ft) and weakly 
developed chroma. According to the criteria of Sevon 
(1974; pers. comm.) and Marchand (1978) these shallow soil profiles 
are developed on Woodfordian age deposits. 
Morphologic Evidence 
The preservation of the original morphology of the deposits of 
the Great Valley Drift also suggests a Woodfordian age. Morainic 
topography on the Great Valley Drift is well preserved and end 
moraines are easily traced. The "Terminal Moraine" commonly has 
relief on hummocks in excess of 15m (50ft). In addition, the 
original surfaces of glacial outwash and deltaic deposits are not 
greatly dissected or colluviated and flat surfaces of terraces are 
generally well preserved. 
Thick colluvium within the Wisconsinan border exists only on 
the dissected slate uplands of the Martinsburg Formation or on other 
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very steep slopes. The only evidence of periglacial activity found 
within the Wisconsinan limit is the cryoturbation of soils to depths 
less than 75 em (2.5 ft) and possibly the formation of talus at the 
foot of Kittatinny Mountain. This is in contrast to cryoturbation 
of soils to a depth of 135 em (4.5 ft) in Altonian age deposits. 
Although weak periglacial activity within the Great Valley Drift 
limit is not evidence of a Woodfordian age, it is very much in 
agreement with this interpretation. Woodfordian deposits northwest 
of Kittatinny Mountain in Monroe County (Sevon, 1975a; Sevon and 
others, 1975) do show evidence of periglacial activity in the form 
of boulder fields, stone stripes, and polygonal ground. These 
features may reflect local climatic differences during Woodfordian, 
late glacial, or postglacial times. 
Radiocarbon Dating 
Radiocarbon dates obtained from basal organic sediments 
conformably overlying glacial sediments at Francis Lake in Warren 
County, New Jersey (Tranquility (NJ) quadrangle)(Cotter, in prep.) 
suggest a Woodfordian age for the Great Valley Drift (Table 3). 
This locality lies approximately 11 km north of the "Terminal 
Moraine" and lies approximately 16 km south of the 
Ogdensburg-Culvers Gap Moraine. The radiocarbon dates along with 
pollen stratigraphy show a warming climatic trend coinciding with 
recession of a Woodfordian age ice sheet which deposited the Great 
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Radiocarbon date 
in C-14 yrs. B.P. Lab .!!.2.!.. Pollen zone 
18,570 .±. 250 S-5273 Herb zone (T) 
18,390 .±. 200 S-4921 Herb zone ('f) 
16 ,480 .±. 430 S-5274 Herb zone (T) 
13,510 .±. 135 S-5300 Spruce zone (A) 
11,220 .±.110 S-5301 Pine zone (B) 
Table 3. Radiocarbon dates and pollen stratigraphy of samples taken 
from cores of Francis Lake, New Jersey (Cotter, in prep.). 
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Valley Drift. 
3) Wisconsinan Deposits Below Till of the 
Great Valley Drift 
Two stratigraphic sections, at Brainards, New Jersey, and along 
Slateford Creek in Pennsylvania, contain Wisconsinan age deposits 
found beneath till of the Great Valley Drift. At both these sites 
the till was found overlying Wisconsinan age stratified deposits. 
The Brainards, New Jersey Section 
The section at Brainards, New Jersey (site no. 213 on Plate 1, 
Bangor (Pa-NJ) quadrangle) contains both Wisconsinan and 
pre-Wisconsinan deposits. The Wisconsinan units include an upper 
gravel unit, a till unit, and a lower gravel unit (Figures 22 and 
23). The Wisconsinan deposits overlie a partly eroded 
pre-Wisconsinan soil (Harmony soil) developed in coarse 
pre-Wisconsinan gravel (Figure 24). 
The Wisconsinan upper gravel unit is a recessional Great Valley 
Drift deposit consisting of cobbly gravel with a sandy cap. It is 
4.5 to 9.0 m thick and does not contain many locally derived clasts 
from the Jacksonburg Formation (Ordovician). It also contains very 
little redeposited soil material except near the valley wall. The 
lower contact of the upper gravel unit is marked by a well defined 
boulder line, possibly a lag deposit, which is on top of the till 
unit (Figure 25). The upper gravel unit is the highest Wisconsinan 
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Fi~ure 23. The upper portion of the section at Brainards, New 
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Fi~ure 23. The upper portion of the section at Brainards, New 
Jersey (site no. 213 in the Bangor (Pa-NJ) quadrangle, Plate 1) 
showing the upper gravel unit over the till unit (both Great Valley 
Drift). A boulder lag separates these two units and marks the top 
of the till unit. 
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Fi~ure 24. Wisconsinan deposits (Great Valley Drift) overlying the 
partly eroded pre-Wisconsinan Harmony Soil developed in coarse 
pre-Wisconsinan gravels at the Brainards, New Jersey section (site 
no. 213 in the Bangor (Pa-NJ) quadrangle, Plate 1). The Wisconsinan 
portion of this cut includes the till unit overlying the lower 
gravel unit which pinches out to the left in the figure. 
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Fi~ure 24. Wisconsinan deposits (Great Valley Drift) overlying the 
partly eroded pre-Wisconsinan Harmony Soil developed in coarse 
pre-Wisconsinan gravels at the Brainards, New Jersey section (site 
no. 213 in the Bangor (Pa-NJ) quadrangle, Plate 1). The Wisconsinan 
portion of this cut includes the till unit overlying the lower 
gravel unit which pinches out to the left in the figure. 
-80-
outwash terrace in this portion of the Delaware Valley. It is 
correlative with outwash terraces deposited during the deposition of 
the "Terminal Moraine" (sequences Qdl and Qmcl) and is considered 
Woodfordian in age. 
The till unit consists of 7.6 to 12.2 m (25 to 40ft) of very 
loose and cobbly till (Figure 26). Generally, the till has an open 
matrix and is clast-supported, however, along the upper contact of 
the till near the valley wall, and immediately above the underlying 
clayey Harmony soil (Figure 25), the till may be clayey, compact, 
and fissile (Figure 27). The till is interpreted as being an 
accumulation of coarse, bulldozed valley-fill material, and local 
argillaceous limest?ne clasts of the Jacksonburg Formation 
(Ordovician), which was deposited within a kilometer of the 
Wisconsinan limit. Colluviation is ruled out as a possible mode of 
deposition because the slopes immediately adjacent to the deposit do 
not contain outcrops of the Jacksonburg Formation which is a common 
component of the till unit~ The thickness of the till unit is also 
difficult to explain by colluviation since very little material 
could have been removed from above as indicated by an intact 
pre-Wisconsinan gravel terrace on the slope adjacent to the till 
unit. 
The lower gravel unit is a sandy, pebble gravel (Figure 28) 
which pinches out near the valley wall between the till unit above 
and pre-Woodfordian deposits below it (Figure 24). Away from the 
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Ei~ure 25. The top of the till unit (Great Valley Drift) in the 
section at Brainards, New Jersey (site no. 213 in the Bangor (Pa-NJ) 
quadrc.:1gle, Plate 1). Large dolostone boulders form a b·: 'Jlder line 
(see Figure 23) and mark the top of the till unit and the base of 
the upper gravel unit. (shovel is 0.5 m long) 
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Figure 26. The clast-supported texture of the till unit (Great 
Valley Drift) in the section at Brainards, New Jersey (site no. 213 
in the Bangor (Pa-NJ) quadrangle, Plate 1). Note the angular local 
bedrock clasts mixed with the rounded fluvial clasts. (shovel is 
about 0.5 m long) 
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Figure 27. Fissility in the till unit (Great Valley Drift) (quarter 
for scale) near its upper contact along the valley wall in the 
section at Brainards, New Jersey (site no. 213 in the Bangor (Pa-NJ) 
quadrangle, Plate 1). The till is clayey here as a result of 
incorporating pre-Wisconsinan soil material from the Harmony Soil 
beneath it (see Figure 24). 
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Figure 28. The contact of the till unit over a sandy layer at the 
top of the lower gravel unit (both Great Valley Drift) in the 
section at Brainards, New Jersey (site no. 213 in the Bangor (Pa-NJ) 
quadrangle, Plate 1). The contact shows deformation and small scale 
thrusting associated with ice movement that occurred during the 
emplacement of the till unit. (shovel is about 0.5 m long) 
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valley side, exposures of this unit of up to 9.1 m (30 ft) are seen 
where the lower contact is not exposed. The lower gravel unit is 
finer grained than the upper gravel unit and its upper contact 
(Figure 28) has occasional small thrusts related to ice movement of 
the glacier that deposited the till above. 
The lower gravel unit is red colored (SYR) 1n places from 
redeposited pre-Woodfordian soil material and not by in situ soil 
formation or weathering. The gravel does not contain weathered 
pebbles or ghosts where red coloration is developed. A truncated 
pre-Wisconsinan soil profile at Hutchinson, New Jersey (previously 
discussed in regards to the Harmony soil) shows the same red 
coloration with many weathered pebbles and ghosts. The Hutchinson 
deposit is indicative of pre-Wisconsinan soil development. Horizons 
throughout the lower gravel unit at Brainards show varying degrees 
of red coloration but do not diminish downwards. If the red 
coloration were due to in situ weathering or soil development 
sporatic red coloration throughout the lower gravel unit would not 
be expected. The lower gravel unit is interpreted as a proglacial 
outwash of the Great Valley Drift which was deposited prior to the 
maximum advance of the Woodfordian ice sheet. It contains 
redeposited pre-Woodfordian soil material scraped up by the 
advancing Woodfordian ice sheet. 
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~ Slateford Creek Section 
The Slateford Creek section lies 0.9 km west of the Delaware 
River in the Slateford Creek Valley in the Portland (Pa-NJ) 
quadrangle (site no. 258, Plate 1). This section contains as much 
as 4.6 m (15ft) of highly calcareous red colored (7.5YR) Great 
Valley till which is cemented in its lowest meter. It overlies 12.2 
m (40 ft) of highly calcareous and calcium carbonate cemented 
gravels (Figure 29). Both units were apparently cemented at the 
same time. Several interpretations of the Slateford Creek section 
are possible. Four possibilities are: 
1) The cemented gravel unit is a proglacial Woodfordian age 
deposit subsequently overridden by the advancing Great 
Valley ice sheet during Woodfordian time. The cementation 
of the gravel resulted from post-glacial groundwater 
movement. 
2) The Great Valley till was deposited during a slight 
readvance of the receding Woodfordian ice sheet. The 
cemented gravels are recessional Great Valley deposits 
that are only slightly older than the Great Valley till. 
The cementation of the gravels resulted from post-glacial 
groundwater movement. 
3) The cemented gravel is an Altonian deposit which was 
cemented during Farmdalian time. It was subsequently 
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Figure 29. Section along Slateford Creek in Pennsylvania (site 
no. 258 in the Portland (Pa-NJ) quadrangle, Plate 1) showing 
bouldery till over cemented gravels of the Great Valley Drift. 
Dashed line marks contact of till (4.6 m thick) overlying gravel 
(about 8 m shown). 
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overridden by the Woodfordian age ice sheet and is 
overlain by Great Valley till which is of Woodfordian age. 
4) The cemented gravel is a pre-Wisconsinan age deposit which 
was cemented during either pre-Woodfordian or post -
Woodfordian times. It was overridden by the Woodfordian 
age ice advance and overlain by Woodfordian age Great 
Valley Drift. 
Of the four hypotheses above, the first seems most likely. 
Cementation of both the till and gravel suggest that cementation 
occurred postgfacially and not before deposition of till of the 
Great Valley Drift. Additional support for hypothesis two, evidence 
of a slight readvance of the receding Woodfordian ice sheet in the 
upper Delaware Valley, does not exist. 
The cemented gravels show no evidence of weathering or soil 
development such as rubification of pebbles, pebble ghosts, 
leaching, or intense red coloration (5 to 7.5 YR). Both the depth 
of weathering and leaching in known pre-Wisconsinan age deposits 
suggest that the cemented gravel here would show weathering features 
if it were pre-Wisconsinan in age. 
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Ice Flow During Advance and Retreat Qf the Woodfordian Ice Sheet 
A) Striation Analysis 
Ice striations from data collected by Epstein (1969), Ward 
(1938), Miller, Fraser and Miller (1939), Lewis (1884a), Salisbury 
(1902) and this study show changing ice flow directions from the 
time of the initial Woodfordian advance to the time ice retreated 
from the study area (Plates J thru 11). 
Initially, ice flow was across Kittatinny Mountain and nearly 
due south across the strike of the bedrock in the Great Valley 
(Plate 7). Striations on top of Kittatinny Mountain in Pennsylvania 
show a slightly eastern flow as ice crossed this ridge. North of 
Kittatinny Mountain in the Stroudsburg (Pa-NJ) (Epstein, 1969) and 
East Stroudsburg (Pa) (Bucek, 1971) quadrangles, south trending 
striations have been recorded. Ice flow remained in this direction 
while the "Terminal Moraine" was being deposited (Plate 7). This 
flow direction is indicated by consistantly southward trending 
striations formed by the Delaware Valley, Beaver Brook and Pequest 
Lobes as they approached the "Terminal Moraine". Multiple striation 
localities reported by Salisbury (1902) in the Blairstown (NJ) and 
Flatbrookville (NJ-Pa) quadrangles, also show the earliest period of 
ice flow to be due south (Plate 7). During the deposition of the 
"Terminal Moraine", small topographically controlled ice lobes 
projected down the valleys near the terminus. The Bangor Lobe was 
influenced by the trend of the topography and was diverted to the 
- 90 -
southwest where it formed the Bangor Moraine. 
During deglaciation, ice flow in the Great Valley and adjacent 
areas was almost parallel to the strike of the topography (Plates 8 
thru 10). Retreat of the ice sheet was marked by extensive 
recessional deposits and moraines that occur in the Stroudsburg 
(Pa-NJ) and Portland (Pa-NJ) quadrangles (Plate 8). Ice flow was 
parallel to the strike of the bedrock in the southern portions of 
the Paulins Kill Lobe. Except for augmentation southeast of the 
Delaware Water Gap, the greatly reduced Delaware Valley Lobe was 
confined to the Delaware River canyon during retreat from Belvidere, 
New Jersey to the Delaware Water Gap (Plate 9). As ice thinned over 
the shale uplands, the source for valley lobes to the south was cut 
off. During this time ice in the Beaver Brook and Pequest Lobes 
probably stagnated very rapidly for this reason. A lack of 
ice-marginal deposits and a sparse, thin till cover are cited as 
evidence for local rapid stagnation south of the shale uplands. As 
ice thinned and retreated to the northeast, ice in the Paulina Kill 
Lobe continued to flow parallel to the topography (Plate 10). 
In northern Warren County, ice flow is indicated by glacial 
striations behind the Franklin Grove Moraine in the Flatbrookville 
(NJ-Pa) quadrangle (Plate 11). These striations are perpendicular 
to the Franklin Grove Moraine and were formed while active ice was 
depositing the moraine. The trend of flow was parallel to the 
topography, even more so than the striations and flow lines of 
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previous periods. A multiple striation locality in the 
Flatbrookville (NJ-Pa) quadrangle (Salisbury, 1902) is evidence of 
changing ice flow directions during deglaciation. 
In general, as the Woodfordian ice sheet retreated, ice flow 
became increasingly more alligned to the regional topography. A 
possible explanation for this change in ice flow direction could be 
a changing source from the Ontario Lobe to the Hudson-Champlain Lobe 
(Figure 30). Additional support for changing ice flow direction 
will be discussed in relation to till and pebble provenance. 
B) Provenance Analysis 
Pebble and till provenance data are important, not only for 
solving local sediment dispersal problems and sequence mapping, but 
also for testing regional ice flow models and observing erratic 
dispersion. 
1) General Till and Erratic Dispersion 
Field observations of three types indicate that ice flowed into 
the Great Valley from north of Kittatinny Mountain during the 
maximum extent of Woodfordian ice and the deposition of the 
"Terminal Moraine". These observations are: 
A) Red lithologies from the Bloomsburg Formation, 
derived from north of Kittatinny Mountain, occur in 
all deposits of the "Terminal Moraine" and the outer 
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Fi2ure 30. Possible changes in regional ice flow during the deposition of the "Terminal 
Moraine" and the Franklin Grove Moraine in the Great Valley. 
fringe of the Great Valley Drift (Figure 31) as well 
as throughout the Great Valley (see Appendix III for 
pebble counts and Plate 1 for sample sites). 
B) Till immediately south of Kittatinny Mountain is red 
colored (5 to 7.5 YR) from material derived from the 
Bloomsburg Formation (see Plate 3 for till color data 
and Plate 1 for sample locations). In the Bangor 
(Pa-NJ) quadrangle, red tills make up the "Terminal 
Moraine" and red clasts are abundant in ice-contact 
fluvial deposits of sequence Qmc1 as far south as 
Ackermanville, Pennsylvania in the Martins Creek 
Valley (Figure 32). 
C) No erratics were found displaced west of bedrock 
outcrops from which the.Y came. 
During the deposition of the "Terminal Moraine" and the outer 
fringe of Wisconsinan drift, ice flow was in a due south direction 
across the Great Valley. During deglaciation, ice flow changed to a 
more southwest regional direction, closely parallel to the trend of 
the topography. This is indicated by two distribution patterns of 
material derived from north of Kittatinny Mountain which are: 
A) The parent material provenances of tills and proximal 
ice-contact deposits which indicate that material 
derived from Kittatinny Mountain and areas to the 
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Fi~ure 31. Occurrence of pebble lithologies from north of Kittatinny Mountain in the study 
area. Percentages based on counts of 100 to 250 pebbles at each site. Pebble counts are listed 
in Appendix III and sample sites are shown on Plate 1 and described on Plate 3. 
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Figure 32. Parent material lithologies in ice-contact deposits in the study area. Based on 
pebble counts (Appendix III) and color and textural data (Plate 3) at sample sites shown on 
Plate 1. Percentages are based on counts of 100 to 250 pebbles at each site. 
north of Kittatinny Mountain were not carried as far 
south during deglaciation as at the time of the 
emplacement of the "Terminal Moraine" (Figure 32). 
Erratics from north of Kittatinny Mountain and red 
colored till derived from the Bloomsburg Formation 
are abundant in deposits of the "Terminal Moraine" as 
far south as Ackermanville which is 7.5 km south of 
Kittatinny Mountain. Deposits laid down during 
deglaciation do not contain these materials in 
exposures as far to the south as those in the 
"Terminal Moraine" at Ackermanville. Red colored 
tills and erratics from north of Kittatinny Mountain 
occur in recessional deposits 5.5 km south of 
Kittatinny Mountain in the Stroudsburg (Pa-NJ) 
quadrangle near East Bangor. To the northwest, the 
boundary between these deposits (red till limit on 
Figure 32) and gray, carbonate-rich or yellow-brown, 
shale-rich tills, becomes progressively closer to 
Kittatinny Mountain. Tills underlying the Portland 
Kames and deltas at Warrington, New Jersey are gray, 
carbonate-rich tills containing few clasts from north 
of Kittatinny Mountain. In the northern corner of 
the study area, red colored till and erratics from 
north of Kittatinny Mountain are not dispersed more 
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than 1 km south of Kittatinny Mountain. 
B) Pebbles from areas north of Kittatinny Mountain 
(classified as RED and POCO in Appendix III) are 
present in much higher abundances in deposits of the 
"Terminal Moraine" and outer fringe of Wisconsinan 
drift than in Wisconsinan recessional deposits. This 
relationship is shown with a plot of percentages of 
pebbles from north of Kittatinny Mountain at sites 
where tills and proximal ice-contact deposits were 
sampled (Figure 31). A contoured plot of this data 
is alao given on Figure 33. This figure shows that 
deposits of the "Terminal Moraine" are richer in 
pebbles from north of Kittatinny Mountain than 
deposits laid down during recession. The eastern 
portion of the study area has higher concentrations 
of these pebble lithologies than the western portion 
and the boundary between deposits rich in these 
lithologies (20% or more) is closer to Kittatinny 
Mountain in younger deposits. Pebbles from north of 
Kittatinny Mountain do not occur in concentrations of 
more than 20% in the northern corner of the study 
area where the youngest deposits occur. The eastern 
end of the "Terminal Moraine" is also richer in 
pebbles from north of Kittatinny Mountain than 
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Figure 33. Occurrence of pebble lithologies from north of Kittatinny Mountain in the study area 
shown as a contour plot of sample sites shown on Figure 31. Percentages based on counts of 100 
to 250 pebbles at each site. Pebble counts are listed in Appendix III, and sample sites are 
shown on Plate 1 and described on Plate 3. 
recessional deposits behind this portion of the 
moraine. This indicates a provenance change as a 
result of a change in ice flow direction from due 
south at the time of the emplacement of the "Terminal 
Moraine" to southwest during ice recession in the 
Pequest and Beaver Brook Valleys to the north. 
Another feature which can be seen on Figures 31 and 33 is the 
persistence of individual lobes during deglaciation (lobes are shown 
on Figure 33 only). Deposits of the Delaware Valley lobe are marked 
by a plume of high concentrations of pebbles from north of 
Kittatinny Mountain. This plume extends south to the "Terminal 
Moraine" and cuts across earlier deposits of the Paulina Kill Lobe 
which are deficient in pebbles from north of Kittatinny Mountain. 
Ice streaming through Kittatinny Mountain at the Delaware Water Gap 
probably accounts for high concentrations of pebbles from north of 
Kittatinny Mountain in deposits of the Delaware Valley lobe. The 
Paulina Kill Lobe shows dilution of these lithologies since it 
flowed in a southwest direction and a source for pebbles from north 
of Kittatinny mountain would be at least 30 km up ice to the 
northeast. In addition to the Paulina Kill Lobe, recessional 
deposits of two other lobes, the Beaver Brook and Pequest Lobes, 
appear to be depleted in pebbles from north of Kittatinny Mountain 
as a result of southeast flow during ice recession. Deposits of the 
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"Terminal Moraine" from these lobes are richer in these pebble 
lithologies than recessional deposits, indicating a more southerly 
flow and a shorter transport distance during the emplacement of the 
"Terminal Moraine". 
2) Dispersion of Trace Erratics 
Occurrences of calc-alkalic rocks of the Beemerville Complex 
and basalt erratics are shown on Plates 7 thru 11. The occurrence 
of nepheline syenite erratics from the Beemerville Complex is 
extremely low 1n the area. Two syenite erratics found in the 
northern part of the Blairstown (NJ) quadrangle (Figure 34) may 
indicate that ice flow during deglaciation was parallel to the 
topography. Other syenite erratics in fluvial deposits of the 
Delaware Valley indicate that ice was feeding into the Delaware 
Valley Lobe from a northeastern direction during deglaciation. No 
err tics from the Beemerville Complex were found 1n till deposits of 
the "Terminal Moraine" or outer fringe of the Great Valley Drift. 
• The distribution of syenite erratics supports the ice flow model 
obtained through striation analysis and pebble provenance. 
The distribution of basalt erratics (Plates 7 and 8) is 
problematic because it became apparent during field investigation 
that not all the outcrops of basalt on Jenny Jump Mountain have been 
located. Only one small basalt outcrop was found on the southern 
flank of Jenny Jump Mountain, and it was originally expected that 
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Fi~ure 34. Occurrence of Beemerville Complex erratics (syenites 
derived from source outcrops in Sussex County, New Jersey} in the 
study area. 
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very few basalt erratics would be found in pebble counts. However, 
many samples in the Mountain Lake, Pequest, and Delaware Valleys 
contained this lithology and some samples contained several basalt 
pebbles (Plates 7 and 8). Because of their scattered distribution, 
it does not seem reasonable that all of these basalt erratics 
originated from the small outcrop on Jenny Jump Mountain. Ice flow 
across Jenny Jump Mountain, directly north-northeast of Mountain 
Lake, apparently transported many basalt erratics to the moraine at 
Buttzville, New Jersey. Basalt erratics, which originated from the 
Mountain Lake Valley, were found in fluvial deposits in the Delaware 
Valley. Thus, basalt outcrops probably exist north-northeast of 
Mountain Lake on Jenny Jump Mountain. The presence of basalt 
erratics almost as far east as the Hackettstown (NJ) quadrangle and 
in the "Terminal Moraine" at Townsbury, New Jersey, supports the 
idea of ice initially flowing due south or slightly southeast across 
Jenny Jump Mountain and the Pequest Valley. These erratics probably 
originated from outcrops of basalt to the north on Jenny Jump 
Mountain. 
Recognition of Great Valley Drift Ice-Retreatal Positions 
A map of positions of ice retreat within the Great Valley Drift 
was constructed from the ice flow model and positions of sequence 
deposits (Plate 4). Ice margins represent the limit of ice during 
the deposition of a sequence regardless of whether the ice was 
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active or inactive or part of a stagnation zone. The contact 
between the stagnant zone of debris laden ice and active ice was not 
definable. Field and map observations used for determining ice 
margins were: 
.~ .... 
A) Deposits having ice-contact featur:~s··"su~·h·· as kettles, 
a high degree of collapse, and feeder ice channel 
fillings for deltas or outwash. 
B) Deposits having ice-contact sediment, such as flow 
tills, and stratified deposits with many boulder-size 
clasts or many striated clasts. 
C) Current directions measured on sedimentary 
structures. 
D) Moraines and meltwater channels. 
E) The up-valley termination of a sequence depicted on 
vertical profiles (Plates 12 thru 16), suggesting 
proximity to the ice margin from which the sequence 
was deposited. 
F) An up-valley increase in gradient of a sequence on a 
vertical valley profile (Plates 12 thru 16), 
suggesting proximity to an ice margin. 
G) Till and pebble provenance used for determining the 
sources of sediment and positions of ice lobes. 
H) Locations requiring ice cover for the damming of 
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lakes and deposition into ponded areas or diversion 
of drainage. 
I) Inferred ice flow directions from striations and 
provenance, which aided the determination of the 
general shape of the ice sheet during deglaciation 
(Plates 7 thru 11). 
Ice margins were plotted according to the degree of confidence 
with which they could be recognized at specific locations (Plate 4). 
All ice margins plotted represent the limit of ice either as a 
stagnant or an active margin. In some areas, no indicators of ice 
margins were found and these positions could not be inferred. Ice 
margins on upland areas may represent very short-lived ice margin 
configurations because ice fronts there may have been retreating 
more rapidly than in nearby valley areas where stagnant ice 
positions lasted longer. Ice margins were classified as (Plate 4): 
A) Type A : Ice margin whose positions are well defined by 
ice-contact features (hachured line). 
B) Type B : Ice margin where no ice-marginal features were 
found but whose positions can be inferred from other 
evidence. For example, the presence of till or the 
presence of preglacial lakes that required ice for ponding 
and diversion of drainage (dashed hachured line). 
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C) Type C : Ice margin extended with limited confidence 
along steep slopes near to ice margin types A and B, where 
no ice-marginal deposits could be found. Most of these 
ice margins are lateral positions. 
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Late Wisconsinan Deglaciation 
In the following discussion on Late Wisconsinan deglaciation, 
the reader should refer to the map of morsequences, moraines, 
meltwater channels and ice margins (Plate 4) as well as the valley 
profiles (Plates 12 thru 16) that show the vertical relationships of 
sequence deposits as well as their areal distribution. Plate 6 
shows a correlation of morphosequences and glacial events in the 
Great Valley and Plate 1 shows all of the surficial geology as well 
as locations of sample sites and described sections. The general 
pattern of ice flow and retreatal positions for different steps of 
deglaciation are shown on Plates 7 thru 11. 
A) Deglaciation of the Lower Delaware, Lower Pequest and 
Beaver Brook Valleys 
1) Summary of Deglaciation 
The Delaware Valley Lobe advanced as far south as Brainards, 
New Jersey as indicated by the limit of Wisconsinan till and 
erratics (Figure 35). Retreat from this border to the "Terminal 
Moraine" left few retreatal deposits (sequence Qdl) (Plates 4, 12 
and 13, and Figure 36). The best developed ice margin is 
represented by the heads of outwash of the Foul Rift Kames and their 
associated fluvial deposits (sequence Qd2) at Foul Rift, New Jersey 
(Figures 37 and 38). While the Foul Rift Kames were being 
deposited, kame deltas also were being deposited along the Pequest 
River and between the Beaver Brook and Delaware Valley Lobes (Qd2a 
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Fi~ure 35. The deployment of ice in the lower Delaware and lower Pequest Valleys during the 
maximum advance of Wisconsinan ice and Stage I of glacial Lake Oxford. 
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Figure 36. The deployment of ice in the lower Delaware and lower Pequest Valleys during the 
deposition of sequences Qdl, Qmcl, and Qwc, the emplacement of the Gruvertown Moraine, and Stage 
I of glacial Lake Oxford. 
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Fi~ure 37. The deployment of ice in the lower Delaware and lower Pequest Valleys during the 
deposition of sequences Qd2a and Qmc2, the emplacement of moraine position QmlB, and Stage II of 
glacial Lake Oxford. 
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Fi2ure 38. The deployment of ice in the lower Delaware and lower Pequest Valleys during the 
deposition of sequences Qd2b and Qmc2 and the emplacement of moraine position QmlC. 
and Qd2b) at Buttzville, New Jersey. Subsequent ice margin retreat 
allowed the formation of lacustrine ice-contact sequences and 
outwash (Qd3 and Qd4) which can be traced down valley from 
Belvidere, New Jersey (Figures 39 and 40). Further retreat of the 
Delaware Valley Lobe out of the lower Delaware Valley resulted ~n 
the deposition of sequence Qd5 which is correlated with sequence Qj5 
in the upper Delaware Valley (Figure 41). Further retreat of the 
Beaver Brook Lobe is believed to have been rapid. Only distal 
outwash deposits (Qbb and Qmb) were found in the Beaver Brook 
drainage system. Outwash materials entered the lower Pequest Valley 
from the Mountain Lake Valley and Oxford Basin. Correlations of 
units younger than sequence Qd3 between the Delaware Valley and 
these areas is at best tentative. Valley train deposits in the 
Delaware Valley of sequence Qd6 may be correlative with sequence Qj6 
in the upper Delaware Valley. 
2) The Wisconsinan Maximum Position 
The Wisconsinan border of the Delaware Valley Lobe can be found 
south of the "Terminal Moraine" near Brainards, New Jersey in the 
Bangor (Pa-NJ) quadrangle (Plates 1 and 4, and Figure 35). In 
Pennsylvania, there is a flat till plain extending from Brainards, 
New Jersey to the north (Figure 36). In New Jersey, a linear ridge 
of dolostone immediately north of Hutchinson is covered with patchy 
Wisconsinan till deposits (Figure 37). This till has an older 
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Figure 41. Meltwater courses in the lower Delaware and lower Pequest Valleys during the 
deposition of sequences QdS, Qbb, and Qpe. 
appearance than the deposits of the Foul Rift Kames to the north due 
to the incorporation of previously weathered soil and bedrock 
material of pre-Wisconsinan age. Also, as previously discussed, 
textural differences in the till deposits make them look more 
oxidized and older than stratified deposits of the Foul Rift Kames. 
3) Sequence Qdl 
The highest and oldest Wisconsinan outwash deposits in the 
Delaware Valley (sequence Qdl) occur 2.5 km north of Hutchinson, New 
Jersey, near Hutchinson, New Jersey, and south of these positions 
along the Delaware River in the Bangor (Pa-NJ) and Belvidere (NJ-Pa) 
quadrangles (Plates 4 and 12, and Figure 36). Meltwater channels 
were formed across the till plain north of Hutchinson. The Bangor 
and Gruvertown Moraines were probably being constructed during the 
deposition of sequence Qdl. 
4) Sequence Qd2 
Sequence Qd2 eminates from behind the "Terminal Moraine" and 
marks the limit of Wisconsinan glaciation in the Delaware Valley as 
originally mapped by Lewis (1884a). This sequence is best developed 
near Foul Rift where a large kame complex and pitted outwash plain 
was deposited (Plates 4 and 12, and Figures 37 and 38). During 
deposition of the Foul Rift Kames in the Delaware Valley ice had 
retreated from the Gruvertown and Bangor Moraines to the north. 
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Deposits of sequence Qd2 in New Jersey also include lacustrine 
ice-contact sequences formed during the splitting of the Beaver 
Brook and Mountain Lake Lobes (Qd2a) and the splitting of the Beaver 
Brook and Delaware Valley Lobes (Qd2a and Qd2b) (Plates 4, 12 and 
13, and Figures 37 and 38). The presence of deltaic kame terraces 
(Qd2a) at an elevation of 146m (480ft), graded to water controlled 
by a spillway into Buckhorn Creek, required ice above an elevation 
of 152m (500 ft), along the valley wall southwest of Hazen, New 
Jersey. Bouldery till on top of the linear bedrock knob southwest 
of Hazen suggests an ice margin at this position during the 
deposition of sequence Qd2a. This till is thick but does not have 
hummocky topography and cannot conclusively be called an end 
moraine. Deltaic deposits graded to water controlled by the 
Buckhorn Creek spillway can be found in the Pequest Valley as far 
east as Buttzville, New Jersey. 
The delta of sequence Qd2a south of Bridgeville, New Jersey 
shows ice-marginal features such as kettles and collapse structures 
(Figure 37). These features mark the position of an ice margin that 
can be traced east to Buttzville, New Jersey. There the ice margin 
marks a large interlobate area between the Mountain Lake and Beaver 
Brook Lobes which is occupied by morainal deposits (position QmlB). 
This suggests that the Beaver Brook Lobe covered Bridgeville at this 
time. A gray lodgement till beneath deltaic (Qd2b) and outwash 
Qd4) deposits at Bridgeville has a provenance derived from the 
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Beaver Brook Valley rather than one from the Mountain Lake Valley. 
This also indicates the existence of an interlobate moraine. Beaver 
Brook Lobe deposits are rich in Lower Paleozoic carbonate 
lithologies and the Mountain Lake Lobe deposits are rich in 
crystalline lithologies. 
The Delaware Valley Lobe retreated from the linear ridge west 
of Hazen, New Jersey and meltwater from the Delaware Valley, Beaver 
Brook and Mountain Lake Lobes as well as the upper Pequest Valley 
was carried along the margin of the Delaware Valley Lobe at Hazen 
rather than flowing through the Buckhorn Creek spillway (Figure 38). 
A large meltwater channel at an elevation of 131 m (430 ft) was cut 
into sequence Qd2a. This spillway channel, where a highway now 
leads south from Bridgeville, drained meltwater that laid down 
deltaic deposits (Qd2b) from Bridgeville to the east. An accurate 
determination of the elevation of this spillway was not possible due 
to construction and grading for a highway in the former channel. At 
two points in the channel, bedrock immediately underlies the 
channel, thus providing a more resistant floor for the channel than 
is possible in easily eroded deltaic sands and gravels. Deltaic 
deposits in the Pequest Valley, deposited by meltwater from the 
Beaver Brook and Mountain Lake Lobes have elevations of 131 to 134 m 
(430 to 440 ft) and are associated with the 131-meter (430-foot) 
spillway. East of Bridgeville on Route 46, a small delta was 
deposited in part by meltwater from the Beaver Brook Lobe as was 
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indicated by due east current directions of climbing ripples (shown 
on Plate 1). Part of this delta was also deposited by meltwater 
from the upper Pequest Valley as was indicated by northwest current 
directions on foreset beds (shown on Plate 1). Southeast of 
Bridgeville, at an elevation of 134m (440ft), another delta was 
deposited by meltwater from the upper Pequest Valley in the lake 
controlled by the 131-meter spillway. 
5) Sequence Qd3 
An outwash terrace at an elevation of 104m (340 ft), north of 
the Foul Rift Kames, marks the ice margin during the time of 
deposition of sequence Qd3 (Plates 4, 12 and 13, and Figure 39). 
This outwash occurs on both sides of the Delaware River from 
Riverton, Pennsylvania to Foul Rift, New Jersey. Meltwater drainage 
was diverted to the east by the obstruction of the Foul Rift Kames 
and flowed south to Hutchinson through an opening in the kames at 
Lommasons Glen. 
Deposits of sequence Qd3, on the western margin of the Beaver 
Brook Lobe, are deltas graded to water levels controlled by 
spillways east of Bridgeville at an elevation of 111 m (365 ft) or 
along the ice margin immediately east of Belvidere (Plates 4, 12 and 
13, and Figure 39). The second spillway appears to be the more 
likely because deposits at the Pequest River-Beaver Brook junction 
are ice-contact and ice would have blocked meltwater drainage to the 
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east from this position. 
6) Sequence Qd4 
Deposition of sequence Qd4 took place after the Delaware Valley 
Lobe retreated from the bedrock knobs east of Belvidere, New Jersey, 
to a position north of the confluence of the Pequest and Delaware 
Rivers (Plates 4, 12 and 13, and Figure 40). An umlaufberg was 
formed north of Belvidere at this time. During the early stages of 
deposition of sequence Qd4, meltwater dissected a channel in 
deposits of sequence Qd3 that extends from near Macks Bar to 
Belvidere and deposits of sequence Qd4a were laid down. As 
deglaciation progressed, a lower drainage course to the west drained 
the ice margin at Macks Bar. Outwash of sequence Qd4 has been 
dissected in the Pequest Valley by subsequent glacial and 
post-glacial drainages. A kame terrace in Pennsylvania north of 
Macks Island at an elevation of 110 m (360 ft) is correlated with 
sequence Qd4. 
During the early deposition of sequences Qd4 and Qd4a, 
meltwater drained through the Foul Rift Kames at Lommasons Glen and 
the Buckhorn Creek Valley and dissected deposits of sequence Qd3 
(Figure 40). As deglaciation progressed, outwash drained at a lower 
level through the Foul Rift Kames at Foul Rift (Qd2) and directly 
into the Delaware Valley. Valley train terraces of sequence Qd4 
were found in New Jersey extending from Foul Rift to Hutchinson. 
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Before the deposition of sequence Qd4, the Beaver Brook Lobe 
retreated to Sarepta, New Jersey. A large pitted kame delta of 
sequence Qd4 graded to a water level controlled by a spillway west 
of Bridgeville was deposited in front of the Beaver Brook Lobe. The 
spillway is cut in deposits of sequence Qd2b at an elevation of 107 
m (350ft). Meltwater could not follow the present course of the 
Pequest River because drainage was blocked by deposits of sequence 
Qd3 at the confluence of the Pequest River and Beaver Brook. 
Outwash from the east entered the kame delta complex (Qd4) from the 
Mountain Lake and upper Pequest Valleys. It was not possible to 
correlate this outwash with deposits in the upper Pequest Valley 
although the Pequest Valley Lobe had probably retreated from the 
Townsbury Moraine by this time (Plate 6). 
7) Sequence QdS 
Before the deposition of sequence QdS, the stagnant front of 
the Delaware Valley Lobe probably stood to the north of Dildine 
Island (Plates 4, 12 and 13, and Figure 41). Sequence Qd5 is marked 
by outwash along the Delaware River in Pennsylvania near Macks 
Island and north of Belvidere, New Jersey. Outwash completely 
surrounds the slate knob (umlaufberg) north of Belvidere and is on 
grade with deposits of the Pequest Valley. Sequence Qd5 is believed 
to be correlative with kame terrace deposits of sequence Qj5 south 
of Portland, Pennsylvania (Plate 6) because of elevations which are 
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on grade. 
8) Sequences Qbb and Qmb 
Ice retreat of the Beaver Brook Lobe appears to have been very 
rapid during or just before the deposition of sequence Qd5 (Plates 4 
and 13, and Figure 41). Deposits of sequence Qbb in the Beaver 
Brook Valley appear to be the same age as sequence Qd5. However, it 
was not possible to determine their actual relationship because they 
are not physically connected. Sequence Qbb is graded to bedrock 
near Route 46 in the Beaver Brook Valley, and nowhere does it show 
ice-contact features. Sequence Qbb can be traced only as far 
northeast as Hope, New Jersey and probably originated from ice 
positions near this locality. 
Valley train deposits (Qmb) at Hope, New Jersey, in the Silver 
Lake and Beaver Brook tributaries to the northeast, or Muddy Brook 
tributaries to the west, may be the same age as sequences Qbb or 
Qd5. Because deposits are graded to a bedrock divide above the 
deposits of sequences Qd5 and Qbb in the lower Beaver Brook Valley, 
these correlations are only tentative. 
9) Rapid Ice Retreat in the Beaver Brook Valley 
The lack of ice-contact deposits in the upper tributaries of 
Beaver Brook suggest that the Beaver Brook Valley was deglaciated 
very rapidly after the deposition of sequence Qd4. The deposits of 
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sequences Qbb and Qmb in this part of the valley are fine grained 
and are not widespread. The direction of ice flow to the Beaver 
Brook Lobe was from a north-northeast direction (Plates 9 and 10). 
As the ice sheet became thinner, it probably could not have crossed 
the high shale upland to the north which separates the Paulins Kill 
and Beaver Brook drainages. Maximum elevations in this area are 92 
to 122 m (300 and 400 ft) higher than elevations in the low valleys 
on either side. Ice in the Beaver Brook Lobe could thus have been 
starved of its source and cut off from the main continental ice 
sheet. Only little additional sediment was supplied to the Beaver 
Brook Valley, suggesting that a large ice mass in the valley 
suddenly became stagnant. 
10) Sequences Qd6 and Qpe 
Valley train deposits have been mapped as sequence Qd6 at 
Belvidere, New Jersey, and along the Delaware River in Pennsylvania 
near Macks Island and Riverton (Plates 4, 12 and 13). The margin of 
the Delaware Valley Lobe had retreated to the vicinity of Portland, 
Pennsylvania at this time. Deposits of sequence Qd6 may be 
correlative with deposits of sequence Qj6 in the upper Delaware 
Valley. Valley train deposits (Qd6) can be traced along the 
Delaware River as far south as Foul Rift. South of this point, no 
other deposits of sequences Qd5 or Qd6 could be differentiated from 
flood terrace deposits (Qft). 
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From Bridgeville west to Beaver Brook in the Pequest valley, a 
valley train (Qpe) occurs. Sequence Qpe may be correlative to 
sequence Qd6 in the Delaware Valley but their actual relationship is 
not known because these deposits are not physically connected. 
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B) Deglaciation of the Upper Pequest Valley 
1) Summary of Deglaciation 
Deglaciation of the upper Pequest Valley left a series of 
lacustrine ice-contact sequences in two separate lake basins (Plates 
4 and 14). The first of these lakes, glacial Lake Oxford, is 
situated in the Pequest Valley north of Oxford, New Jersey, in the 
Washington (NJ) quadrangle. This lake formed because ice at the 
maximum Wisconsinan position initially blocked the valley west of 
Pequest, New Jersey along Route 31 and south of Buttzville, New 
Jersey (Figures 42, 43, and 44). Later lake stages were controlled 
by till at this locality, and a series of deltas were formed in the 
Oxford Basin (Figures 45 and 46). Lake Oxford drained when spillway 
drainage eroded the till dam south of Buttzville and the Townsbury 
Moraine, a portion of the "Terminal Moraine", and associated outwash 
were then formed in the Oxford Basin (Figure 47). 
The Townsbury Moraine formed a dam in the Pequest Valley and 
several lacustrine ice-contact sequences were deposited behind it in 
what Salisbury (1902) originally called "Glacial Lake Pequest" (173 
m (565ft)- Stage I)(Figures 48 and 49). Lake Pequest remained at 
the level of Stage I until a spillway through Glovers Pond, 
northeast of Jenny Jump Mountain, became ice-free. This lowered the 
level of Lake Pequest to an elevation of 178 m (585 ft - Stage II) 
at the Glovers Pond spillway. The Glovers Pond spillway is higher 
today than the previous spillway from tilting associated with 
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Figure 42. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
the maximum advance of Wisconsinan ice and Stage I of glacial Lake Oxford. 
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Figure 43. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
the deposition of sequence Qol into Stage I of glacial Lake Oxford. 
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Figure 44. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
Stage Ia of glacial Lake Oxford and the emplacement of moraine position QmlA. 
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Figure 45. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
the deposition of sequences Qo2 and Qd2a, the emplacement of moraine position QmlB, and Stage II 
of glacial Lake Oxford. 
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Figure 47. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
the deposition of sequences Qo4 and Qd3 and the emplacement of moraine position QmlD. 
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Figure 49. The deployment of ice in the Beaver Brook, Mountain Lake, and Pequest Valleys during 
the deposition of sequences Qo5, Qp2, Qd5, Qbb, and Qpe, the emplacement of moraine position 
QmlG, and Stage I of glacial Lake Pequest. 
isostatic rebound. The level of Stage II of Lake Pequest was the 
base level control for deposition of lacustrine ice-contact 
sequences at Turtle Pond in Sussex County. Another lowering of the 
lake level resulted from erosion of the Townsbury Moraine. A new 
spillway was formed in the deltaic deposits· at Great Meadows at an 
elevation of 163 m (535 ft) through which waters of Stage III of 
Lake Pequest drained. Deltaic terraces were formed in this lake on 
the Warren-Sussex County line, 7.6 m (25ft) lower than previous 
deposits. 
2) Formation of Glacial Lake Oxford - Stage I 
The pending of the Oxford Basin occurred as soon as the 
advancing Beaver Brook and Mountain Lake Lobes blocked the lower 
Pequest Valley (PLate 4, and Figures 42 and 43). An ice margin 
along Route 31 west of Pequest, New Jersey, marked by subdued end 
moraines (position QmlA), would require pending of water in the 
Oxford Basin to an elevation of at least 163 m (535 ft) which is the 
next lowest outlet for meltwater from the Oxford Basin (Figure 44). 
This spillway is located at Saint Nicholas Church on Route 31 and 
may have controlled the initial level of Lake Oxford. However, 
evidence for higher water does exist (sequence Qo1 and empondments 
shown on Figures 42 and 43) and is required because of ice damming 
the Pequest Valley south of Bridgeville, New Jersey and ice along 
the south side of the Delaware River Valley (Figures 35, 36, and 
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37). Till deposits were found covering this area to an elevation of 
207 m (680 ft) which requires a spillway for Lake Oxford (Stage I) 
into Pophandusing Brook. A possible spillway for Stage I of Lake 
Oxford is located in what is now a quarry at the head of 
Pophandusing Brook. The exact elevation of this spillway can no 
longer be determined because of reconstruction of the landscape by 
the quarrying operation. Its elevation must have been at 
approximately 174m (570 ft). 
At Hazen, New Jersey, the drainage was forced to make another 
detour into Buckhorn Creek because of ice still blocking drainage to 
the Delaware Valley (Figure 37). The Buckhorn Creek spillway was 
used until the Delaware Valley Lobe retreated from the entrance of 
Pophandusing Brook into the Delaware Valley (Figure 38). These 
events are discussed in more detail in the discussion of 
deglaciation in the lower Delaware Valley. Other evidence for Stage 
I of Lake Oxford is the presence of boulders, believed to be 
ice-rafted rather than Woodfordian till, occurring at an elevation 
of 171 m (560 ft) along the western shore of the lake from Saint 
Nicholas Church to Pequest, New Jersey. 
3) Sequence Qol 
On the north side of the Oxford Basin, west of James Chapel, 
delta deposits of sequence Qol at an elevation of 177 m (580 ft) 
were laid down in Stage I of Lake Oxford (Figure 43, and Plates 4 
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and 14). This delta is associated with a small lateral moraine. A 
delta on the southern side of the valley (Qol), south of James 
Chapel, was also found at an elevation of 177m (580 ft). The 
retreat of the Beaver Brook Lobe south of Bridgeville, New Jersey 
allowed Lake Oxford to drain at a lower level (Figure 44). 
4) Glacial Lake Oxford - Stage Ia 
The duration of drainage of glacial Lake Oxford through the col 
at Saint Nicholas Church (Stage Ia) was dependent upon how long it 
took the Mountain Lake Lobe to retreat from the moraine (position 
QmlA) along Route 31 (Figure 44). The length of the channel 
extending from this col north to the Pequest Valley suggests some 
time duration. No deposits definitely graded to lakes in the Oxford 
Basin controlled by the Saint Nicholas Church spillway (163 m (535 
ft)) were found. However, a slight bench on delta deposits of 
sequence Qol near James Chapel may be graded to a lake controlled by 
the Saint Nicholas Church spillway. 
5) Sequence Qo2 and Glacial Lake Oxford - Stage II 
A kame delta (sequence Qo2) at elevations of 154 to 159 m (505 
to 525 ft) was laid down in a lake (Lake Oxford - Stage II) whose 
level was controlled by a spillway over a till dam west of Pequest 
(Figure 45, and Plates 4 and 14). Rhythmic, laminated silts and 
clays were found beneath this delta along an old railroad grade 
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crossing the Oxford Basin (site no. 246, Plate 1). The spillway and 
dam for Stage II of glacial Lake Oxford have been eroded by glacial 
and postglacial drainage through the Pequest Valley. This dam 
probably extended from the morainic knob east of the Route 31-46 
junction at an elevation of 160 m (525 ft) to the till deposits 
directly across the Pequest River (Plate 4). A spillway over till 
at this position would have required ice of the Mountain Lake Valley 
Lobe to the northeast to block drainage into Mountain Lake. High, 
steep-walled cuts in large-boulder till along the Pequest River at 
the confluence of the Pequest River and Mountain Lake Brook contain 
very coarse material that appears to be an armored channel that 
developed in the till plug at this position (Figure 50). 
6) Sequences Qo3 and Qo4 
Lacustrine ice-contact deposits of sequence Qo3 were deposited 
into Stage II of Lake Oxford at an elevation of 159 m (520 ft) after 
a slight retreat of ice from the head of sequence Qo2 (Figure 46, 
and Plates 4 and 14). It is not clear whether meltwater came from 
stagnant ice in front of the Townsbury Moraine, or whether through 
the moraine itself. The proximal portions of this delta have been 
highly dissected by subsequent outwash, spillway drainage through 
the Townsbury moraine, and catastrophic drainage of Stage II of Lake 
Pequest. During the deposition of sequence Qo3, the drainage of 
glacial Lake Oxford caused erosion and lowering of the Buttzville 
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Figure SO. Large-boulder till in the deposits of the "Terminal 
Moraine" and the Mountain Lake Lobe at Buttzville, New Jersey 
(position QmlC in the Buttzville Moraines, site no. 20 in the 
Washington (NJ) quadrangle, Plate 1). 
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moraine spillway to an elevation below 134m (440 ft)(Figure 47, and 
Plates 4 and 14). After Lake Oxford drained, outwash (sequence Qo4) 
graded to till deposits at Buttzville or lakes at Bridgeville (less 
than 134 m (440 ft)) was deposited through the Townsbury Moraine. 
7) Sequence QoS 
A distinct channel at an elevation of 172 m (565 ft) on the 
Townsbury Moraine was used as a spillway for Stage I of glacial Lake 
Pequest which was dammed behind the moraine (Figures 48 and 49). 
Stage II of glacial Lake Pequest did not drain through the Pequest 
Valley however, the level of Stage III was controlled by a spillway 
extending from Great Meadows, New Jersey to the south which drained 
through the Pequest Valley and the Oxford Basin. Sequence QoS is a 
series of stream terraces in the Oxford Basin formed by either 
erosion of waters from the spillways of Stages I and III of Lake 
Pequest or late glacial or postglacial action along the Pequest 
River. 
8) The Townsbury Moraine and Upland Meltwater Drainage 
The Townsbury Moraine is well developed and can be traced from 
the Mountain Lake Valley to Hackettstown, New Jersey (Plate 4). 
Compositions of tills in this moraine range from predominantly 
carbonate clasts to sandy material derived from crystalline 
lithologies. Morphology of this moraine suggests that, like the 
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Bangor Moraine, this moraine was constructed at several ice margin 
positions. Construction of the moraine began during the deposition 
of sequence Qol and lasted until the end of the deposition of 
sequence Qo4. Several meltwater channels in the moraine help mark 
ice margin positions. Along the Townsbury Moraine, small upland 
channels carried meltwater from the moraine to the Musconetcong 
River Valley in the Hackettstown (NJ) quadrangle. About 2.4 km 
south of Vienna, outwash (Qow) deposits were laid down in a small 
ponded valley which drained over a spillway into the Musconetcong 
Valley via Pohatcong Creek. Outwash was deposited in the Pohatcong 
drainage from Karrsville to Washington, New Jersey (beyond the study 
area, Plate 4). To the northeast, meltwater also spilled into the 
Musconetcong Valley via Hatchery Brook and deposited a small outwash 
plain in the upper part of this valley. 
9) Sequences Qpl and Qp2 and Glacial Lake Pequest - Stage I 
The first sequence north of the Townsbury Moraine (Qpl) is a 
lacustrine ice-contact sequence deposited in Stage I of glacial Lake 
Pequest (Figure 48, and Plates 4 and 14). Another lacustrine 
ice-contact sequence (Qp2) at Great Meadows, New Jersey, was 
recognized based on sediment grain size data and valley profiles 
(Figure 49). This kame delta can be traced from Great Meadows to 
west of Petersburg in the Tranquility (NJ) quadrangle. During 
deposition of sequences Qpl and Qp2, the Mountain Lake Lobe 
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retreated to the Pequest Basin. 
10) Rapid Ice Retreat in the Upper Pequest Valley 
Very few ice-marginal deposits were found on the broad 
lacustrine flats of the Pequest Valley. The dissection and erosion 
of these deposits by the Pequest River may be responsible for their 
absence. The absence of ice-contact stratified deposits in the 
basin, after the deposition of sequence Qp2, may also have resulted 
from rapid retreat that left behind large masses of stagnant ice, 
thus prohibiting deposition in this area. Striations in the Pequest 
Basin indicate that ice initially advanced from the north across 
Jenny Jump Mountain and the upland area between the Paulina Kill and 
Bear Brook Valleys (Plate 7). As the ice sheet thinned, up-gradient 
flow over the high areas to the north could not be maintained. The 
southern extent of the Pequest Lobe would have become stagnant as a 
result of being cut off from the remainder of the continental ice 
sheet. Deglaciation of this portion of the Pequest Valley then 
would have been characterized by relatively large-scale stagnation, 
although not on the regional scale suggested by Black (1977, 1980) 
for areas in southern New England. 
11) Sequence Qp3 
A small kame delta of sequence Qp3 is exposed on Shades of 
Death Road (Plates 4 and 14). Exposures in this delta revealed 
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deltaic foreset beds as high as an elevation of 174 m (570 ft) 
indicating that Stage I of Lake Pequest was at least this high in 
this part of the valley. 
12) Sequence Qp4 
A kame delta (sequence Qp4) at an elevation of 183 m (600 ft) 
is exposed at Alphano (Plates 4 and 14). Only approximate limits 
for the elevation of Stage I of Lake Pequest could be determined at 
this locality. Deltaic foreset beds were recorded as high as an 
elevation of 178m (585 ft), but the contact between these deposits 
and topset beds was not exposed. Topset beds were found at an 
elevation as low as 181m (595ft). Thus, the elevation of Stage I 
of Lake Pequest was between elevations of 178 and 181 m (585 and 595 
ft) at this position. This approximate elevation of Lake Pequest I 
is also suggested by the position of a valley infilled with lake 
sediment east of Alphano at an elevation of 180m (590ft). The 
flat, poorly drained floor of this valley embayment suggests that it 
was infilled with clayey or silty lacustrine sediments in what was 
probably a nearshore environment just below the level of Stage I of 
Lake Pequest. Elevation differences of at least 6 m between deltas 
deposited in Stage I of Lake Pequest at Alphano (sequence Qp4) and 
deltas at Great Meadows (sequences Qpl and Qp2) are the result of 
postglacial tilting associated with isostatic rebound which is 
discussed later. 
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13) Sequence Qp5 and Glacial Lake Pequest - Stage II 
A deltaic terrace at Allamuchy, New Jersey, was the first 
sequence graded to the level of Stage II of Lake Pequest (Plates 4 
and 14). Stage II of Lake Pequest drained through a spillway at 
Glovers Pond at an elevation of 178m (585ft). Most of sequence 
Qp5 is a large kame delta deposited by meltwaters from the ice 
margin at Turtle Pond in Sussex County. At Turtle Pond, deltaic 
deposits have an elevation of 187 m (615 ft) indicating the altitude 
of the lake controlled by the Glovers Pond spillway. The deposits 
at the Warren-Sussex County line near Tranquility Church have an 
elevation of 178 to 180m (585 to 590 ft). No exposures were 
available that displayed topset-foreset contacts, but foreset beds 
were exposed as high as an elevation of 177 m (580 ft) at 
Tranquility, New Jersey. The ice margin at Turtle Pond represents a 
long still stand or small readvance of the receding Pequest Valley 
Lobe. The large amount of sediment extending south from the ice 
margin at Turtle Pond (Qp5) suggests this to be the situation. 
14) Sequence Qp6 and Glacial Lake Pequest - Stage III 
A delta deposit (sequence Qp6) was found 4.5 m lower than 
deposits of sequence Qp5 at the Warren-Sussex County line (Plates 4 
and 14). This delta occurs throughout the upper Pequest Valley from 
the area near Bear Brook to Tranquility. This delta was probably 
deposited by meltwater emmanating from ice margins north of Turtle 
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Pond in Sussex County. Sequence Qp6 is at an elevation of 174m 
(570 ft) near the Warren-Sussex County, suggesting a lake level 
below that of Stage II of Lake Pequest. It appears that the 
Townsbury ~1oraine dam was eroded before sequence Qp6 was deposited. 
Meltwater then cut a new spillway at an elevation of 163m (535ft), 
through kame deltas at Great Meadows (sequences Qpl and Qp2), 
causing Lake Pequest to drop to the level of Stage III. Nearby 
carbonate bedrock outcrops suggest that this spillway was held up on 
a bedrock surface. Deltas of sequences Qpl and Qp2 served as a dam 
to drainage of meltwater through the present Pequest River channel. 
Erosional features in front of the Townsbury Moraine suggest that 
Stage II of Lake Pequest drained catastrophically. Many small 
channels in the outwash in front of the Townsbury Moraine suggest 
high flow regimes and rapid drainage of Stage II of Lake Pequest. 
15) Postglacial Lake Pequest 
Drainage of glacial meltwater into the upper Pequest Valley was 
eventually cut off by the retreat of ice beyond a regional divide 
separating the Paulina Kill and Pequest River Valleys in Sussex 
County. Subsequent lakes in the Wallkill Valley of northern New 
Jersey drained through the Paulina Kill Valley. With no glacial 
runoff entering Stage III of Lake Pequest there would have been a 
dramatically decreased discharge over the spillway at Great Meadows. 
The deltaic sediments damming the Pequest Valley were secure from 
- 144 -
high discharge erosion due to decreased discharge and a bedrock 
floor in the channel at Great Meadows. Peat as much as 30 m thick 
covers flats with surface elevations of 165 m (540 ft) in the lower 
part of the Pequest Basin, suggesting that Stage III of Lake Pequest 
persisted into postglacial time. The ultimate drainage of Stage III 
of Lake Pequest in postglacial time may have occurred by tilting of 
the lake basin due to isostatic rebound or by eventual stream 
erosion of deposits of sequences Qp1 and Qp2 by the Pequest River. 
Cores taken 1n the lake basin, at an industrial site 1.6 km 
west of Alphano, contained over 61 m of lacustrine rythmites (varves 
?) and clays (Markowicz, pers. comm.). The cut off of glacial 
meltwater to the Pequest Valley and the subsequent history of the 
Pequest Basin may be studied from similar cores of the lake basin. 
16) Postglacial Isostatic Tilting of the Pequest Valley 
Lake level data from glacial Lake Pequest indicate that water 
planes of the lake have been tilted up to the northeast as a result 
of isostatic rebound (Plate 17). Three types of lake level data 
were used to determine the elevations of tilted water planes: 
A) Spillway elevations. 
B) The elevations of topset and foreset strata contacts 
in deltas. In places this was only approximately 
located as not all upper parts of foresets were 
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exposed. 
C) Strandline elevations as indicated by sandy 
beach-like deposits, boulder lags, and the upper 
limit of lacustrine flats. 
Water plane slopes were estimated by dividing vertical 
displacement of the Water plane by the horizontal distance over 
which the vertical displacement was obtained. A line trending Nl6'E 
was chosen for plotting water planes because it approximates the 
direction of ice flow during deglaciation and probably represents 
the direction of maximum tilt. The lower elevation of each water 
plane was taken as the elevation of its spillway plus 1.52 m (5 ft) 
which was added to account for a head of water over the threshold of 
the spillway. Deltaic data and uplift amounts were used to project 
the water at some distance to the north. 
Three water planes for glacial Lake Pequest, Stages I, II and 
III, were estimated to have approximately the same slope of 0.55 to 
0.8 m/km (Table 4). Because the water plane data are so few it 
should be remembered that these numbers are only estimates. A lag 
in isostatic rebound response and thus simultaneous rebound of all 
three water planes explains the similar slopes. 
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Stage of Spillway and Elevation Distance from 
Lake elev. plus Northern water difference spillway Gradient of water 
Pequest 1.5 m (A) plane elev. (B) (A to B) (A to B) plane slope 
Stage Towns bury 
I Moraine 
173.7 m 178.3 - 181.4 m 5.6 - 8. 7 m 8.20 km 0.68- 1.06 m/km 
(570 ft) (585 - 595 ft) (15 - 25 ft) (5.10 miles) (2.9 - 4.9 ft/mile) 
Stage Glovers Pond 
II 179.8 m 182.9 - 184.1• m 4.1 - 5.6 m 5.98 km 0.69 - 0.94 m/km 
(590 ft) (600 - 605 ft) (10 - 15 ft) (3.72 miles) (2.7 - 4.0 ft/mile) 
Stage Great Meadows 
Ill 164.6 m 170.7 - 172.2 m 7.1 - 8.6 m 9.89 km 0.72- 0.87 m/km 
(540 ft) (560 - 565 ft) (20 - 25 ft) (6 .14 miles) (3.2- 4.1 ft/mile) 
Table 4. Water plane data and estimated isostatic tilting of water planes for Stages I, II, and 
III of Glacial Lake Pequest in the Washington, NJ, Blairstown, NJ, and Tranquility, NJ 
quadrangles. Slopes are calculated (A to B) in aN 16 1 E direction. 
C) Deglaciation of the Mountain Lake Valley 
1) The Wisconsinan Border - Position QmlA 
At its maximum extent and at position QmlA, the Mountain Lake 
Lobe blocked the Pequest River and constructed an end moraine which 
crosses Route 31 in the Belvidere (NJ-Pa) and Washington (NJ) 
quadrangles (Figures 42, 43, and 44, and Plate 4). A moraine 
segment crossing the crest of Jenny Jump Mountain north of 
Bridgeville, and surrounding a nunatak area, was probably deposited 
at this time (position QmlA). In the Mountain Lake Valley, ice was 
confined between Mount Mohepinoke and Jenny Jump Mountain as 
indicated by the orientation of moraines in this valley. High Rock 
Mountain was covered by the Mountain Lake Lobe as is indicated by 
the erratics found on its crest. The limit of ice on the north side 
of Mount Mohepinoke can be traced by the limit of till and erratics. 
Ice filled the Pequest Valley to an elevation of 207 m (680 ft) on 
Scotts Mountain. The direction of ice flow to the Mountain Lake 
Lobe was from the north across Jenny Jump Mountain as is suggested 
by ice striations and erratics from the Beaver Brook Valley found 
along the crest of Jenny Jump Mountain and in the Mountain Lake 
Valley. 
2) The Buttzville Moraines - Positions QmlB and QmlC 
Soon after the onset of deglaciation, position QmlB of the 
Buttzville Moraine was constructed (Figures 45 and 46). The 
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previously coalesced Mountain Lake and Beaver Brook Lobes began to 
separate. A portion of the Buttzville Moraine extending from Jenny 
Jump Mountain, south to the Pequest River, contains bedrock 
lithologies from both the Mountain Lake and Beaver Brook Valleys. 
Ice still blocked drainage of the Oxford Basin during retreat from 
position QmlA to position QmlB. A small moraine loop at position 
QmlB indicates that the ice front paused here before retreating to 
position QmlC at the large moraine along the north side of the 
valley (Figure 46). 
The deposition of sequences Qd2 and Qd3 in the lower Pequest 
Valley (Figures 37, 38, and 39) and the ponding of Stage II of Lake 
Oxford at an elevation of 154m (505ft), required ice retreat from 
the present Pequest River channel in front of the mouth of Mountain 
Lake Brook (Figures 45 and 46, and Plate 4). However, ice still had 
to occupy the Mountain Lake Valley in order to block the drainage of 
glacial Lake Oxford through the Mountain Lake Valley. The large 
morainic loop north of Buttzville (position QmlC) was deposited 
during Stage II of glacial Lake Oxford (see Figure 50). The Beaver 
Brook Lobe still occupied the west side of Jenny Jump Mountain at 
this time. A large meltwater channel was formed between the 
interlobate moraine of position QmlB and morainic deposits at 
position QmlC (Figure 46). 
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3) Positions QmlD, QmlE and QmlF 
The damming of a glacial lake in the Mountain Lake valley, to 
an elevation as high as 140m (460ft), occurred while ice still 
occupied the Mountain Lake trough (position QmlD)(Figures 47, 48, 
and 49, and Plate 4). Morainal deposits at position QmlC served as 
a dam for this lake and a spillway through position QmlC was located 
where Mountain Lake Brook now enters the Pequest River. Lake bottom 
sediments were deposited in the southwestern end of the Mountain 
Lake basin and now form a broad plain. A delta at position QmlE was 
deposited in the lake after ice retreated from position QmlD. The 
glacial lake lasted at least until ice retreated to the upper 
Pequest Valley and deposited position QmlG (Figures 48 and 49, and 
Plate 4). Stagnant ice occupied the lake basin after active ice no 
longer flowed over the col separating the Pequest and Mountain Lake 
Valleys (positions QmlF and QmlG). The valley was rapidly cut off 
from glacial meltwater as soon as the Mountain Lake Lobe retreated 
to north of this col. For this reason, the northern end of the lake 
probably did not fill with deltaic sediments. 
4) Retreat to the Pequest Valley - Position QmlG 
Full deglaciation of the Mountain Lake Valley occurred when ice 
in the Pequest Valley to the northeast was no longer thick enough to 
flow up-gradient into the Mountain Lake trough (Figure 49). Prior 
to this, meltwater flowed into Mountain Lake via Lake Just It and 
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around Danville Mountain in a large meltwater channel (Plate 4). 
The large lateral moraine on the north slope of Danville Mountain 
(position QmlF) suggests that active ice existed here during retreat 
(Figure 48). 
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D) Deglaciation of the Martins Creek and Jacoby Creek 
Valleys and the Upper Delaware Valley 
1) Summary of Deglaciation 
The initial stages of deglaciation from the Bangor Moraine in 
the Bangor (Pa-NJ) and Stroudsburg (Pa-NJ) quadrangles is marked by 
a series of moraines and meltwater channels (Plates 1, 4, 6 and 15). 
Very few stratified deposits were formed during the early stages of 
deglaciation because steep gradients and the narrowness of small 
valleys allowed only minor deposition or preservation of stratified 
material. Colluviation was also an effective agent in removing 
non-stratified deposits on the steep slopes of the Martinsburg 
Formation. 
In the Jacoby Creek Valley, deglacial lacustrine sequences are 
at progressively lower levels (Figures 51 thru 57, and Plates 4 and 
15). Deltas were deposited in contact with ice which dammed the 
eastward drainage of Jacoby Creek into the Delaware River Valley. 
Imponded meltwater drained over progressively lower spillways into 
Oughoughton Creek, Martins Creek and later Allegheny Creek before 
entering the Delaware River Valley to the south. Finally, meltwater 
flowed around stagnant ice of the Delaware Valley Lobe, south of 
Portland, Pennsylvania and deposited kame terraces. This stage 
marks the splitting of the previously coalesced Delaware Valley and 
Paulina Kill Lobes. 
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Figure 51. The deployment of ice in the Jacoby Creek and upper Delaware Valleys during the 
deposition of sequence Qjl into glacial Lake Portland. 
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Figure 52. The deployment of ice in the Jacoby Creek and upper Delaware Valleys during the 
deposition of sequence Qj2 into glacial Lake Portland. 
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Figure 53. The deployment of ice in the Jacoby Creek and upper Delaware Valleys during the 
deposition of sequence Qj3 into glacial Lake Portland. 
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Figure 54. The deployment of ice in the Jacoby Creek and upper Delaware Valleys during the 
deposition of sequence Qj4 into glacial Lake Portland. 
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Figure 55. The deployment of ice in the Jacoby Creek, upper Delaware, and Paulina Kill Valleys 
during the deposition of sequence QdS and sequence QjS into glacial Lake Portland. 
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Figure 56. The deployment of ice in the upper Delaware and Paulina Kill Valleys during the 
deposition of sequences Qj6 and Qd6, and the initial empondment of glacial Lake Paulina Kill. 
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Fi~ure 5l. The deployment of ice in the upper Delaware and Paulina Kill Valleys during the 
deposition of sequences Qj7 and Qpkl, and Stage I of glacial Lake Paulina Kill. 
2) The Late Wisconsinan Border in the Martins Creek Valley 
At its maximum extent, the Bangor Lobe extended beyond the 
"Terminal Moraine" (Plates 1 and 4). Meltwater was able to drain 
through Little Bushkill Creek and to the south in the Wind Gap (Pa) 
quadrangle. No stratified deposits were found Ln this drainage. 
However, an abundance of· rounded quartzite boulders in the Little 
Bushkill Creek Valley suggests that Late Wisconsinan drainage may 
have formed a lag across the floor of this valley. The ice sheet 
may have dammed the Waltz Creek Valley for a brief time forming a 
small preglacial lake. Drainage for this lake could have been over 
spillways either at the col between Waltz and Little Bushkill 
Creeks, the Waltz Creek spillway at an elevation of 213m (700ft), 
or 1.6 km west of Ackermanville in the Bangor (Pa-NJ) quadrangle, at 
an elevation of 201m (660ft), the Plainfield spillway. No 
lacustrine deposits were found and it was not possible to confirm 
the existence of such a preglacial lake. In fact, no stratified 
deposits could be found in the Martins Creek Valley from events 
prior to the deposition of the Bangor Mora:ne or sequence Qmcl. 
3) The Bangor Moraine 
The Bangor Moraine is a segment of the "Terminal Moraine" 
extending from Fox Gap in the Stroudsburg (Pa-NJ) quadrangle to 
Ackermanville in the Bangor (Pa-NJ) quadrangle (Plate 4). The 
Bangor Moraine is composed mostly of compact bouldery red colored 
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2) The Late Wisconsinan Border in the Martins Creek Valley 
At its maximum extent, the Bangor Lobe extended beyond the 
"Terminal Moraine" (Plates 1 and 4). Meltwater was able to drain 
through Little Bushkill Creek and to the south in the Wind Gap (Pa) 
quadrangle. No stratified deposits were found in this drainage. 
However, an abundance of rounded quartzite boulders in the Little 
Bushkill Creek Valley suggests that Late Wisconsinan drainage may 
have formed a lag across the floor of this valley. The ice sheet 
may have dammed the Waltz Creek Valley for a brief time forming a 
small proglacial lake. Drainage for this lake could have been over 
spillways either at the col between Waltz and Little Bushkill 
Creeks, the Waltz Creek spillway at an elevation of 213m (700 ft), 
or 1.6 km west of Ackermanville in the Bangor (Pa-NJ) quadrangle, at 
an elevation of 201m (660 ft), the Plainfield spillway. No 
lacustrine deposits were found and it was not possible to confirm 
the existence of such a preglacial lake. In fact, no stratified 
deposits could be found in the Martins Creek Valley from events 
prior to the deposition of the Bangor Mora:ne or sequence Qmcl. 
3) The Bangor Moraine 
The Bangor Moraine is a segment of the "Terminal Moraine" 
extending from Fox Gap in the Stroudsburg (Pa-NJ) quadrangle to 
Ackermanville in the Bangor (Pa-NJ) quadrangle (Plate 4). The 
Bangor Moraine is composed mostly of compact bouldery red colored 
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(5.0-7.5 YR) tills that have fragipan soils developed on them (see 
Appendix IV, profile WT-3). Most of the till clasts are sandstones 
and red siltstones from the Shawangunk and Bloomsburg Formations and 
erratics from other formations north of Kittatinny Mountain (see 
Figures 31, 32, and 33). 
In its northern portion, from Fox Gap to Roseto, the Bangor 
Moraine has extremely hummocky topography with as much as 15 m (48 
ft) of local relief. In this area 4 successive benches on the south 
flank of Kittatinny Mountain probably represent 4 positions within 
the moraine where the terminus of the Bangor Lobe built continuous 
ice-marginal deposits. These benches were formed as a result of 
till deposition and meltwater activity along the edge of the ice 
sheet. Surficial cover in this area can be as thick as 45 m 
(Epstein, 1969). 
The southern portion of the Bangor Moraine from Roseto to 
Ackermanvi.le has very subtle morainic topography. This portion of 
the Moraine has bouldery, red colored (7.5 YR) tills but also 
includes sandy and gravelly kame-like areas near Roseto and along 
Greenwalk Creek. 
4) The Gruvertown Moraine 
Another section of the "Terminal Moraine", the Gruvertown 
Moraine, extends from Martins Creek Junction to Gruvertown in the 
Bangor (Pa-NJ) quadrangle (Figure 36 and Plate 4). In contrast to 
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the Bangor Moraine, this moraine is composed of yellow-brown colored 
(10 YR), clayey tills (see Appendix IV, profile WT-1), which were 
derived from the slate of the Martinsburg Formation, is lower in 
erratics from north of Kittatinny Mountain, and has subtle morainic 
topography. In areas surrounding the moraine, tills are commonly 
thin and small stream valleys are filled with many glacial boulders. 
5) Sequences Qmc1 and Qwc 
During the construction of the Bangor Moraine, outwash and kame 
terraces were deposited in Martins and Greenwalk Creeks (sequence 
Qmcl) (Plate 4). Most of these deposits are poorly preserved 
because they occur in narrow, high-gradient valleys which served as 
outlets for subsequent glacial drainage. No deposits of this age 
are preserved in the small drainages south of the Gruvertown 
Moraine. However, meltwater from the Gruvertown Moraine flowing 
down Little Martins Creek is probably responsible for the high slate 
content in deposits of sequence Qmcl at Martins Creek, Pennsylvania 
(site no. 208, Plate 1). An outwash deposit lower than sequence 
Qmcl (sequence Qwc) was laid down in the Waltz Creek Valley at a 
higher level than sequence Qmc2. This deposit was probably 
deposited by meltwater from a later position in the Bangor Moraine. 
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6) The Minis Lake Moraine and Very Bouldery Till 
The Minis Lake Moraine is a recessional moraine in the central 
part of the Stroudsburg (Pa-NJ) quadrangle (Plate 4). This moraine 
is composed of low areas of kame-like material surrounding till 
mounds (Figure 58). High boulder concentrations, kame-like 
character and subdued hummocky topography all suggest that this 
recessional moraine has bf~n greatly influenced by meltwater 
activity. The topography is dissected linearly by ice-marginal 
drainage. Linear depressions are commonly lined with boulders 
forming armoured surfaces. The present drainage of this area 
follows the trend of glacial drainage and not the strike of the 
underlying bedrock. 
An area 2.5 km southeast of the Minis Lake Moraine (Plate 4) is 
covered by an extremely bouldery till (Qvbt) (Figures 51 and 59). 
No deep exposures of this till were observed and it may be strictly 
a surface phenomenon. Scattered bedrock outcrops indicate that the 
till cover is thin. This till may have been deposited during the 
downwasting of stagnant ice carrying many boulders, as may be the 
case in the boulder belts of Ohio (Goldtbwait, pers. comm.). The 
surface accumulation of boulders in this area may also have been 
caused by the winnowing away of matrix material along an ice margin. 
A few shallow exposures were found in the bouldery till and they did 
not display stratification. The till is loosely compacted, 
clast-supported, and contains many well rounded boulders. 
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Fieure 58. A lens of stratified drift within till of the Minis Lake 
Moraine in the Stroudsburg (Pa-NJ) quadrangle (site no. 13, Plate 
1) • 
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Figure 59. A fence-row showing the high concentrations of boulders 
in a very bouldery till deposit (Qvbt on Plates 1 and 4) near the 
~1inis Lake Moraine in the Stroudsburg (Pa-NJ) quadrangle. 
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7) Sequence Qmc2 
Sequence Qmc2 is a fluvial non-ice-contact sequence deposited 
by meltwater from ice positions in the Minis Lake Moraine and is 
associated with sequences Qjl and Qj2 in the Jacoby Creek Valley 
(Figures 51 and 52, and Plate 4). This terrace level can be traced 
down Martins Creek to the Delaware Valley at Martins Creek (Figures 
37, 38, 39, and 40). Drainage occurred through Martins Creek until 
ice in the Allegheny Creek Valley retreated and allowed drainage 
across spillways into Allegheny Creek. Little Martins and 
Oughoughton Creeks were meltwater channels used during the early 
parts of deglaciation from the Gruvertown Moraine. From East Bangor 
to Laurel Hill many large meltwater channels carried meltwater from 
the retreating ice margin in the valley north of East Bangor to 
Little Martins and Oughoughton Creeks. 
B) The Allegheny Creek Valley Sublobe 
A small ice lobe, the Allegheny Creek Valley Sublobe, occupied 
the Allegheny Creek Valley during the deposition of sequences Qjl 
and Qj2 in the Jacoby Creek Valley (Figures 51 and 52, and Plate 4). 
Small truncated spurs on the east wall of the valley and a small 
lateral moraine (Qlm on Plates 1 and 4) indicate that this small 
tongue was an active ice lobe. Meltwater from the ice tongue 
drained south to the Delaware Valley via Allegheny Creek. High 
meltwater channels draining meltwater from the Delaware Valley were 
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probably active during the deposition of sequence Qjl in the Jacoby 
Creek Valley. 
9) Sequence Qjl 
The beginning of deglaciation in the Jacoby Creek Valley was 
marked by the formation of deltaic kame terraces (sequence Qjl) at 
an elevation of 189m (630ft) (Figure 51, and Plates 4 and 15). 
This was the beginning of glacial Lake Portland (new term). This 
lake persisted until the end of deposition of sequence Qj5 in the 
eastern Jacoby Creek Valley (Figure 55). The stagnant ice margin 
extended north of East Bangor and emponded drainage forcing 
meltwater through the Mt. Bethel spillway at an elevation of 192m 
(630ft), located 1.5 km south of Five Points. This spillway 
drained through a meltwater channel to Oughoughton Creek. Another 
meltwater channel at an elevation of 229m (750ft), located 0.5 km 
west of Mt. Airy, drained the southern margin of the ice sheet to 
Oughoughton Creek. A lateral moraine (Qlml on Plate 4) was 
constructed on the north side of the valley north of East Bangor at 
this time. 
10) Sequence Qj2 
A lateral moraine (Qlm2 on Plate 4) north of Echo Lake and 
meltwater channels at Laurel Hill and along Slateford Creek 
delineate ice margins during the deposition of sequence Qj2 (Figure 
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52 and Plates 4 and 15). The lateral moraine grades into a kame 
terrace delta northwest of Echo Lake at an elevation of 186 m (610 
ft). The surface of the delta is graded to the Echo Lake spillway, 
located 0.3 km west of Stier at an elevation of 186m (610ft), 
indicating that the ponded area was completely filled in by 
sedimentation. A kame terrace (sequence Qj2) on the southern side 
of the valley near Five Points, is at an elevation of 183 m (600 
ft). This deposit, which is mostly fluvial, drained to Martins 
Creek v~a the valley north of East Bangor. A kame terrace delta 
(sequence Qj2) with a surface elevation of 186 m (610 ft) was 
deposited in a lake controlled by the Five Points spillway 0.5 km 
southeast of Five Points. This spillway drained to the valley north 
of East Bangor and to Martins Creek because drainage to the south 
through the Allegheny Creek Valley was still blocked by ~ce. 
Meltwater was released to Oughoughton Creek through the large swamp 
west of Mt. Airy. After the deposition of sequence Qj2 this outlet 
was no longer used. Meltwater spilled into the Allegheny Creek 
Valley through the small meltwater channel 1.0 km southeast of 
Mt. Bethel at this time. 
11) Sequence Qj3 
The first series of kame deltas (sequence Qj3), graded to water 
emponded behind the bedrock divide between Martins and Jacoby Creeks 
or the Stier spillway, at an elevation of 177m (580 ft), were 
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deposited into glacial Lake Portland. These pitted deltas extending 
from northeast of Echo Lake across the Jacoby Creek Valley to north 
of Mt. Airy, are at an elevation of 177 m (580 ft) (Figure 53 and 
Plates 4 and 15). The emponded area in front of the ice sheet 
became filled with sediment and the delta was overlain by outwash 
(topset beds) which is graded to bedrock in the valley north of East 
Bangor. On the south side of the valley, a lateral moraine (Qlm3 on 
Plate 4) across the mouth of Allegheny Creek and a meltwater channel 
southeast of Mt. Bethe.l (sequence Qj3) were formed. 
12) Sequence Qj4 
Sequence Qj4 is a lacustrine ice-contact sequence at an 
elevation of 168 m (550 ft) which is graded to water emponded behind 
the Mt. Airy spillway (Figure 54, and Plates 4 and 15). This 
sequence marks the end of meltwater drainage via Martins Creek. 
Only Allegheny Creek was used to drain this ice margin in the Jacoby 
Creek Valley. A kame terrace and outwash plain (sequence Qj4) were 
deposited in the Allegheny Creek drainage southwest of Mt. Bethel. 
Meltwater channels and a washed till surface with bouldery lag 
deposits (Figure 60) are on grade with a kame delta (sequence Qj4) 
on the north side of the valley. 
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Fi~ure 60. Alluviated till or a lag deposit which is part of 
sequence Qj4 on the north side of the Jacoby Creek Valley in the 
Portland Kames (Portland (Pa-NJ) quadrangle, Qat on Plates 1 and 4). 
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13) Sequence QjS 
The lowest level of deltaic deposition into glacial Lake 
Portland, sequence QjS, occurred at an elevation of 159m (520 ft) 
(Figure 55, and Plates 4 and 15). These deposits are graded to 
water emponded at an elevation of 160 m (525 ft) by the Route 191 
spillway which ~s 0.6 km southwest of Mt. Bethel. Many of these 
deltaic deposits have surfaces below an elevation of 152 m (500 ft) 
because of collapse after melting of adjacent stagnant ice. 
Exposures in the Portland Kames (Plate 4) show step faulting (Figure 
61) and large normal collapse faults (Figure 62). The heads of 
deposits of sequence Qj5 are fed by large dendritic eskers that 
extend into the Delaware Valley. 
Deposits north of the Jacoby Creek Valley cannot definitely be 
correlated with sequence Qj5, but kame terrace deposits at an 
elevation of 177 m (580 ft) in Slateford Creek Valley were probably 
deposited at this time (Plate 4). 
On the southern wall of the Jacoby Creek Valley, deltaic 
deposition and spillway drainage to Allegheny Creek disEected 
deposits of sequence Qj4. This was the last time Allegheny Creek 
was used as a meltwater outlet. South of Portland along the 
Delaware River, a kame terrace at an elevation of 122m (400 ft) may 
be correlative with sequence QjS based on the possible position of 
the ice margin at this time (Figure 55 and Plates 4 and 15). 
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Fi~ure 61. En-echelon collapse faults in deltaic deposits of 
sequence Qj5 in the Portland Kames (near site no. 262 in the 
Portland (Pa-NJ) quadrangle, Plate 1). (shovel is about 0.5 m long) 
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Figure 62. A large normal collapse fault in lacustrine deposits of 
sequence Qj5 in the Portland Kames (site no. 262 in the Portland 
(Pa-NJ) quadrangle, Plate 1). (shovel is about 0.5 m long) 
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14) Sequence Qj6 
The nature of deglaciation from sequence Qj5 is unclear because 
sand and gravel companies have removed most deposits along Jacoby 
Creek. For a short time drainage was through dissected deposits of 
sequence Qj5 and through the present Jacoby Creek channel (Figure 
56, and Plates 4 and 15). Evidence for slightly ·later fluvial and 
deltaic deposition occurs in the Portland Kames and along the 
Delaware River (Qj6). Sequence Qj6 includes the 122-meter 
(400-foot) kame terrace north of Portland and the 104- to 110-meter 
(340- to 360-foot) outwash terrace to the south. These deposits 
correlate with the 122-meter (400-foot) kame terrace at the mouth of 
Stony Brook in New Jersey. 
15) Sequence Qj7 
Deposits of sequence Qj7 mark the recessional positions of the 
stagnant ice margin as far north as Columbia, New Jersey (Figure 57, 
and Plates 4 and 15). A kame terrace was deposited at an elevation 
of 113 m (370 ft) at Stony Brook and outwash was deposited at an 
elevation of 104 m (340 ft) south of Columbia. The Paulins Kill 
Lobe retreated to Hainesburg, New Jersey, and a lacustrine sequence 
(Qpk1) was deposited at this position in Stage I of glacial Lake 
Paulina Kill (new t'erm) (Figure 57, and Plates 4 and 16). The 
history of glacial Lake Paulina Kill will be discussed in detail in 
the section on deglaciation of the Paulina Kill Valley. Outwash 
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entered the Paulins Kill Valley from channels north of Columbia, New 
Jersey and built a kame delta sloping away from the Delaware Valley. 
Further retreat of the Paulins Kill Lobe, to 1.6 km east of 
Hainesburg, also occurred during the deposition of sequence Qj7 
(Figure 63, and Plates 4 and 16). A large ice-contact lacustrine 
sequence (Qpk2) was formed at this position. Sequences Qj7, Qpkl 
and Qpk2 are all graded to water controlled by the same spillway at 
Columbia, north of the Paulina Kill, at an elevation of 107 m (350 
ft). Paulina Kill drainage into the Delaware River was blocked by 
either stagnant ice blocks or a drift dam at the confluence of the 
Delaware River and Paulina Kill. As stagnant ice of the Delaware 
Valley Lobe melted at Columbia, outwash in the Delaware Valley was 
dissected and a new spillway was used. Lake Paulina Kill was 
lowered and drained through the Fairveiw Cemetary channel to the 
Delaware Valley at an elevation of 104m (340 ft), forming Stage II 
of glacial Lake Paulina Kill (Figures 64 and 65, and Plates 4 and 
16). Evidence for.a change in lake level is (1) the meltwater 
channels (sequence Qpk3) cut in deposits of sequences Qj7, Qpk1, and 
Qpk2 at Warrington, New Jersey and 1.5 km east of Hainesburg (Figure 
64), and (2) the elevation of deltas of sequence Qpk4 at Vail, New 
Jersey (Figure 65). 
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16) Sequence Qj8 
Retreat of the ice margin to the head of sequence Qj8 allowed 
complete drainage of glacial Lake Paulina Kill and resulted in 
fluvial deposition (sequence Qpk5) in the Paulina Kill Valley 
(Figure 66). A valley train in the Delaware Valley at an elevation 
of 104m (340 ft), north of Portland and at Stony Brook (sequence 
Qj8), can be traced south of Portland in Pennsylvania to an 
elevation of 95 m (310ft). In New Jersey, these deposits can be 
traced as far south as the Eagle Nest Camp along Route 46 to an 
elevation of about 88 m (290ft). Near the Delaware Water Gap, a 
valley train with an elevation of 110 m (360 ft) is correlated with 
deposits of sequence Qj8. 
E) Deglaciation of the Paulina Kill Valley 
1) Splitting of the Delaware Valley and Paulina Kill Lobes 
Prior to the deposition of morphologic sequences in the Paulina 
Kill Valley, ice flow directions changed rapidly at Columbia, New 
Jersey. Initially, ice from the Paulina Kill Valley flowed in a 
southwestern direction (Figures 51 thru 55). Both striation 
directions and till provenance verify that the Paulina Kill Lobe 
flowed southwest across the Delaware River. Striations, 1.5 km 
north of Columbia, and beneath tills underlying the Portland Kames, 
have southwesterly trends (Plates 1, 8, and 9). Tills at the base 
of the Portland Kames in Pennsylvania (see Appendix III for pebble 
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count at site no. 132, Plate 1), and underlying deltaic deposits of 
sequence Qj7, located 0.5 km northeast of Columbia, New Jersey (see 
Appendix III for pebble count at site no. 202, Plate 1), have a 
Paulina Kill Valley provenance. However, striations at Columbia 
(Plates 1, 8, and 9), which trend in a southeast direction, indicate 
that the Delaware Valley Lobe moved in that direction after the 
splitting of the Delaware Valley and Paulina Kill Lobes. Southeast 
ice flow at Columbia occurred prior to the deposition of lacustrine 
sequences in the Paulina Kill Valley (Figure 56). During the 
deposition of sequences Qj7 and Qpkl in the Paulina Kill Valley, 
active ice no longer occupied the confluence of the Paulina Kill and 
the Delaware River south of Columbia (Figures 57 and 63). Active 
ice of the Delaware Valley Lobe probably extended as far south as 
Columbia at this time. 
2) Summary of Deglaciation 
A large area north of the Stony Brook drainage basin on the 
south side of Kittatinny Mountain became ice-free during ice retreat 
in the Jacoby Creek Valley. Thus, Kittatinny Mountain was a nunatak 
surrounded by the coalesced Paulina Kill and Delaware Valley Lobes 
on the south and west, and ice north of Kittatinny Mountain (Figures 
54 and 55). Deglaciation of the Paulina Kill Valley began with the 
separation of the Delaware Valley and Paulina Kill Lobes at Columbia 
prior to the deposition of sequence Qpkl (Figure 56). A series of 
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lacustrine ice-contact sequences were deposited in glacial Lake 
Paulina Kill as a result of pending of the Paulina Kill Valley 
behind ice and glacial drift in the Delaware Valley at Columbia 
(Figures 57, 63, 64, and 65). Glacial Lake Paulina Kill drained 
before the construction of the Franklin Grove Moraine (new term) 1n 
northern Warren County (Figure 66 and Plate 4). Meltwater was then 
able. to follow the present Paulina Kill channel and non-ice-contact 
fluvial Paulina Kill Valley sequences are on grade with fluvial 
sequences in the Delaware Valley. Ice retreat into Sussex County 1s 
marked by only a few non-ice-contact fluvial deposits on the upland 
areas north of the Franklin Grove Moraine. Later, outwash was 
deposited in the upper Paulina Kill Valley and deposits associated 
with the Franklin Grove Moraine became dissected. 
3) Sequence Qpkl 
The first Paulina Kill Valley sequence (Qpkl) is a lacustrine 
ice-contact sequence deposited into Stage I of glacial Lake Paulina 
Kill (Figure 57, and Plates 4 and 16). A kame delta at an elevation 
of 107 to 113 m (350 to 370 ft) was deposited at Hainesburg whose 
head can be traced up the north side of the Yards Creek Valley. The 
lake in which these deposits were laid down was controlled by a 
spillway at Columbia, New Jersey at an elevation of 107m (350ft). 
It is difficult to locate the exact position of this spillway 
because of recent highway construction along interstate Route 80 
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although older topographic maps of this area indicate a spillway at 
this position and elevation. Sequence Qpkl correlates with sequence 
Qj7 at the confluence of Stony Brook and the Delaware River at an 
elevation of 113m (370ft). Sequence Qj7 also filled in the 
Fairveiw Cemetary channel and another channel immediately to the 
north, and was deposited in Stage I of glacial Lake Paulina Kill. 
Deltaic deposits of sequence Qj7 at this position have a Delaware 
Valley provenance (rich in lithologies from north of Kittatinny 
Mountain, see Appendix III for pebble count at site no. 203, Plate 
1), and directly overlie till with a Paulins Kill Valley provenance 
(Lower Paleozoic carbonate clasts with few lithologies from north of 
Kittatinny Mountain, see Appendix III for pebble count at site 
no. 202, Plate 1). 
4) Sequence Qpk2 
The second Paulina Kill Valley sequence (Qpk2) is a large 
lacustrine ice-contact sequence deposited into Stage I of glacial 
Lake Paulina Kill (Figure 63, and Plates 4 and 16). A large kame 
delta, 2.4 km northeast of Hainesburg, New Jersey, marks the margin 
of the Paulina Kill Lobe during the deposition of sequence Qpk2. 
During this time, meltwater also spilled over the divide south of 
Hemlock Glen and into the Yards Creek Valley contributing sediment 
to the kame delta as well. The three small moraines west of Walnut 
Valley were probably deposited during or slightly before the 
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deposition of sequence Qpk2. Deposits of sequence Qpk2, like those 
of sequence Qpkl, correlate with deposits of sequence Qj7 and are 
graded to water controlled by the spillway at Columbia. 
5) Sequence Qpk3 
The lowering of glacial Lake Paulins Kill to the level of Stage 
II resulted from the melting of ice which blocked drainage to the 
west through the Fairveiw Cemetary spillway at an elevation of 104 m 
(340 ft) (Figure 64, and Plates 4 and 16). This caused the 
dissection of deposits of sequences Qpkl, Qpk2, and Qj7 north of 
Columbia and a channel east of the Fairveiw Cemetary spillway 
(sequences Qpk3 and Qpk4) was cut by meltwater flowing west from the 
Paulina Kill Lobe. A channel which is on grade with Stage II of 
Lake Paulina Kill (sequence Qpk3) was cut in the head of sequence 
Qpk2, 2 km east of Hainesburg. This channel is cited as evidence 
that glacial Lake Paulina Kill was lowered from Stage I to Stage II 
while ice still occupied the head of sequence Qpk2 and could still 
supply meltwater to the ice margin at this position. After sequence 
Qpk2 was deposited, ice retreated from the Yards Creek Valley and a 
lateral moraine west of Jacksonburg may have been deposited at this 
time. Kame terraces (sequence Qpk3) at Walnut Valley and 1.6 km 
northeast of this point were also formed. Meltwater could no longer 
feed over the divide south of Hemlock Glen into the Yards Creek 
Valley. Ice margin positions associated with sequence Qpk3 must 
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have been short-lived because no extensive valley-fill deposits were 
found. 
6) Sequence Qpk4 
From Lake Susquehanna to Mount Vernon Road, deltaic deposits 
mark the ice margin associated with sequence Qpk4 (Figure 65, and 
Plates 4 and 16). Most of these deposits have been thoroughly 
dissected by subsequent meltwater drainage. North of Lake 
Susquehanna, extremely coarse deltaic gravels (Figure 67) and many 
collapse features occur. Deposits of sequence Qpk4 also occur along 
the north side of the Paulina Kill Valley near Walnut Valley. South 
of Walnut Valley, deltaic deposits of sequence Qpk4 overlie red and 
tan, rythmically laminated silts and clays. Meltwater channels on 
the south side of the Paulina Kill Valley can be traced from a high 
kame terrace, at an elevation of 152 m (500 ft) near Marksboro in 
the Blairstown (NJ) quadrangle, to a ponded area southeast of 
Paulina. Meltwater flowed north of the Paulina Kill at Paulina in a 
channel to the swamp south of Blairstown and to Lake Susquehanna 
through Cedar Lake. 
7) Sequence Qpk5 and the Franklin Grove Moraine 
The Franklin Grove Moraine, which can be traced from Kittatinny 
Mountain to Spring Valley, and sequence QpkS, the most extensive 
sequence in the Pauline Kill Valley, together represent either a 
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Figure 67. Very coarse deltaic foreset strata in a proximal kame 
delta of sequence Qpk4 near Lake Susquehanna (site no. 67 in the 
Blairstown (NJ) quadrangle, Plate 1). (shovel is 0.5 m long) 
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long still stand or short readvance of ice after the drainage of 
Lake Paulina Kill (Figure 66, and Plates 4 and 16). Reconnaissance 
fieldwork in Sussex County indicates that sequence Qp5 in the 
Pequest Valley may be correlative with the Franklin Grove Moraine 
based on its size and position (Plate 4). 
Sequence Qpk5 is a fluvial ice-contact sequence which can be 
traced from its head at Spring Valley, down valley to Hainesburg, 
New Jersey (Figure 66, and Plates 4 and 16). Sequences Qpk4 and 
Qpk5 north of Lake Susquehanna can be distinguished by sediment 
grain size differences, sedimentary structures (deltaic vs. 
fluvial), the abundance of collapse features and their elevations. 
Meltwater channels and an outwash plain along Blair Creek are on 
grade with deposits eminating from Lake Genevieve. Outwash deposits 
in the upper Paulina Kill Valley have a maximum elevation of 140 m 
(460ft) on the Warren-Sussex County line (C' on Plate 16). The 
base level control for sequence Qpk5 is the valley train in the 
Delaware Valley (Qj8) at an elevation of 98 m (320ft). 
8) Sequence Qpk6 
The retreat of ice from the upland to the north of the Paulina 
Kill Valley near the Warren-Sussex County line was probably by rapid 
stagnation as is indicated by a lack of till and ice-marginal 
deposits in the area. Many small meltwater channels were formed in 
front of the stagnating ice sheet. Small ponds which were occupied 
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by small stagnant ice blocks during deglaciation are numerous. An 
outwash terrace at an elevation of 134 m (440 ft) (Qpk6) is found 
below the level of deposits of sequence Qpk5 on the Warren-Sussex 
County line. This outwash was deposited from an ice margin near 
Stillwater in the Newton West (NJ) quadrangle. Deposits of sequence 
Qpk6 include valley train terraces along Jacksonburg Creek and along 
Paulins Kill from Blairstown to Hainesburg. The meltwater that 
formed these terraces originated from behind the Franklin Grove 
Moraine in the Jacksonburg Creek drainage and from the upper Paulina 
Kill Valley. 
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CONCLUSIONS 
Stratigraphic, Morphologic and Chronologie Relationships 
A) Pre-Wisconsinan Stratigraphy 
Evidence of pre-Wisconsinan (Illinoian ?) glaciation is 
represented by a till sheet and fluvial and deltaic deposits. These 
deposits have thick soil profiles with more than 2.4 m of oxidation 
and clay translocation, red colored (2.5 to 7.5 YR) argillic B 
horizons, many pebble ghosts, and rubified pebbles. 
A newly named pre-Wisconsinan (Sangamon ?) soil-stratigraphic 
unit with the characteristics mentioned above, the "Harmony Soil", 
was found developed on non-colluviated pre-Wisconsinan glacial 
deposits south of the Wisconsinan border. It was also found at 
three localities beneath Wisconsinan deposits, at Hutchinson, New 
Jersey, at the base of the east side of Kittatinny Mountain in 
Pennsylvania, and at Brainards, New Jersey. 
B) The Wisconsinan Border 
The previously defined Wisconsinan border of Crowl and Sevon 
(1980) in the Great Valley was redefined by the limit of Wisconsinan 
till and abundance of erratics, and by contrasting morphologic 
features on opposing sides of the border. Areas outside the border 
have few glacial erratics, except in areas of low relief, more soil 
development, more colluviation and soil movement, and much more 
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evidence of periglacial action (gelifluction deposits). Outside the 
Wisconsinan border, the development of tors on summits in the New 
Jersey Highlands allowed the recognition of a Late Wisconsinan 
nunatak on the southern summit of Jenny Jump Mountain which is 
completely surrounded by Late Wisconsinan till at lower elevations. 
C) The Great Valley Drift 
Glacial deposits of Wisconsinan age in the Great Valley are 
here called the "Great Valley Drift". They were previously thought 
to represent two substages, the Woodfordian and Altonian Substages 
(Sevon and others, 1975), but are here interpreted as representing 
one substage. The Great Valley Drift includes the "Terminal 
Moraine" and Wisconsinan deposits beyond and behind the "Terminal 
Moraine". 
D) Woodfordian Age of the Great Valley Drift 
Three lines of evidence indicate that the Great Valley Drift is 
Late Wisconsinan or Woodfordian in age which are: 
1) No soils on Wisconsinan age deposits had solum thicknesses 
in excess of 1.2 m (Appendix IV, profile series WS and WT) 
which catagorizes them as Woodfordian age deposits (Sevon, 
1974; pers. comm.). 
2) The preservation of morphology on end moraines and 
terraces and general lack of colluviation behind the 
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Wisconsinan border indicate a Woodfordian age for the 
Great Valley Drift. 
3) Radiocarbon dates (S-5273 and S-4921) of 18,570 ~ 250 and 
18,390 ~ 200 years B.P. from basal organic sediments at 
Francis Lake (Tranquility (N.J.) quadrangle), 11 km behind 
the Wisconsinan border (Cotter, in prep.), also suggest a 
Woodfordian age for the Great Valley Drift. The organic 
sediments directly overlie lacustrine clay and till and 
contain a cool tundra pollen assemblage believed to be 
immediately post glacial. 
Wisconsinan till in the Delaware Valley south of the Foul Rift 
Kames, that appears to be older than other Wisconsinan deposits 
(Ward, 1938), and has been interpreted in the past as an Altonian 
age deposit (Sevon and others, 1975), is part of the Great Valley 
Drift and is Woodfordian in age. Pre-Wisconsinan drift and soil 
material incorporated in this till during the Woodfordian ice 
advance is solely responsible for this till's older appearance. 
Two sections, one at Brainards, New Jersey and the other along 
Slateford Creek in Pennsylvania, contained Wisconsinan age deposits 
beneath till of the Great Valley Drift. At both sites these 
deposits were preglacial gravels which are considered to be a part 
of the Great Valley Drift and thus Woodfordian or Late Wisconsinan 
in age. No evidence was found to suggest more than one Wisconsinan 
glaciation in the Great Valley. 
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Regional Woodfordian Ice Flow 
Changes in Wisconsinan ice flow directions during glaciation 
and deglaciation are reflected by striations, the distribution of 
trace erratics (calc-alkalic rocks of the Beemerville Complex and 
basalt erratics), and pebble and till provenance. Ice flow, while 
ice occupied the Wisconsinan limit and emplaced the "Terminal 
Moraine" was nearly due south or slightly southeast across the 
strike of the bedrock of Kittatinny Mountain and the Great Valley. 
As deglaciation and ice margin retreat began, ice flow changed to a 
more southwesterly direction (Plates 7 thru 11). A possible 
explanation of these ice flow direction changes is a change in 
source for ice in the Great Valley during deglaciation as a result 
of ice flow divergence around the Catskills (Figure 30). Initially, 
ice from the Ontario Lobe crossed northeastern Pennsylvania and 
flowed due south across Kittatinny Mountain and the Great Valley to 
the Wisconsinan border and the "Terminal Moraine" in the Great 
Valley. Stagnation of ice in northeastern Pennsylvania or impeded 
ice flow in the western Catskills during deglaciation, may have 
reduced the momentum of the Ontario Lobe, and thus the 
Hudson-Champlain Lobe became a more important source to ice in the 
Great Valley. Ice from the Hudson-Champlain Lobe caused southwest 
flow parallel to the Great Valley topography and deposited the 
Franklin Grove Moraine and later the Ogdensburg-Culvers Gap Moraine. 
As ice thinned in the Great Valley, its flow became more responsive 
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to local topography. Kittatinny Mountain, in particular, became 
more important as a control to regional ice flow during 
deglaciation. 
Late Wisconsinan Deglaciation Qf the Great Valley 
A) The Woodfordian Border 
No constructional moraines or stratified deposits were found 
associated with the maximum extent of Woodfordian ice. In all areas 
the Woodfordian border is characterized by thin and scattered till 
deposits and some recession of the ice margin occurred before any 
significant ice-marginal deposits were laid down. There is no means 
of determining whether the Woodfordian border in the Great Valley is 
contemporaneous on the scale of Woodfordian age morphosequences. 
However, the fact that the Woodfordian border is concentric with 
recessional positions reconstructed using morphosequences suggests 
that the Woodfordian border in the Great Valley was reached at the 
same time and represents an ice margin. 
B) The "Terminal Moraine" 
The "Terminal Moraine" in the Great Valley is composed of 
several moraine segments, the Bangor, Gruvertown, Buttzville and 
Townsbury Moraines, which are not exactly contemporaneous on the 
scale of morphosequences. Ice marginal features within the 
"Terminal Moraine" near Bangor (Bangor Moraine) and in the Mountain 
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Lake and Pequest Valleys (Buttzville and Townsbury Moraines), 
indicate that the "Terminal Moraine" was constructed at several 1.ce 
margin positions. In the Mountain Lake Valley, where a very active 
valley lobe occurred, these positions are separated relatively 
widely in space and time and have the appearance of moraine loops 
similar to those deposited at the mouths of valleys by alpine 
glaciers. In the Delaware Valley (between the Gruvertown and 
Buttzville Moraines), no moraine segment associated with the 
"Terminal Moraine" was found and only a minor head of outwash 
(sequence Qdl) could be found that is possibly associated with an 
ice position at the Gruvertown Moraine. 
C) Mode of Deglaciation 
Ice retreat in Woodfordian time was characterized by the 
thinning of the ice sheet in high, hilly areas and the formation of 
valley lobes. Ice recession behind the "Terminal Moraine" is 
characterized by very bouldery till and kame-like end moraines in 
the Jacoby and Martins Creek Valleys, valley kame deposits in the 
Delaware River, Beaver Brook and Pequest River Valleys, and high 
elevation meltwater channels on upland slate plateaus. 
Ice retreat in the Great Valley is characterized by both 
stagnation-zone retreat (Koteff and Pessl, 1981) and slightly 
larger-scale stagnation by valley cut off. Ice retreat in the 
Delaware, Jacoby and Paulina Kill Valleys and portions of the 
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Pequest Valley, were by stagnation-zone retreat. In these areas, 
ice margins are marked by heads of outwash and deltaic deposition. 
The morphosequence concept is easily applied to mapping in these 
areas. Lacustrine ice-contact sequences were found in the Jacoby 
Creek Valley (Glacial Lake Portland (new term)), the Paulina Kill 
Valley (Glacial Lake Paulina Kill (new term)), the Beaver Brook and 
lower Pequest Valleys, the Oxford Basin (Glacial Lake Oxford (new 
term)) and the upper Pequest Valley (Glacial Lake Pequest). Fluvial 
ice-contact sequences were found throughout the Martins Creek, 
Delaware and upper Paulina Kill Valleys. 
Evidence for slightly more extensive stagnation caused by 
valley cut off was found in the Beaver Brook and Mountain Lake 
Valleys and portions of the central Pequest Valley from Great 
Meadows to Tranquility, New Jersey. These valleys have a scarcity 
of ice-contact stratified or till deposits and ice margins are much 
less discernable. Stagnation in all three valleys was probably the 
result of ice masses being starved by valley cut off. Feeder lobes 
for ice tongues in these valleys would have had to move up-gradient 
and as the continental ice sheet thinned, it could not supply ice 
over drainage divides to the ice masses left behind in these 
valleys. 
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D) The Franklin Grove Moraine 
A previously undiscovered major recessional position was 
located, marked by the "Franklin Grove Moraine" (new term). The 
Franklin Grove t-1oraine was traced from Kittatinny Mountain to near 
the Sussex-Warren County line. This recessional position may be 
contemporaneous with that of a large deltaic sequence (sequence QpS) 
at Turtle Pond, in the Pequest Valley of Sussex County. 
E) Postglacial Isostatic Tilting 
Postglacial isostatic tilting in the Pequest Valley was 
estimated from water planes of three stages of glacial Lake Pequest. 
Estimates of tilting range from 0.55 to 0.8 m/km. The parallelism 
of three separate water planes indicates that tilting was 
simultaneous for all three stages of Lake Pequest. 
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Appendix I 
Descriptions of Map Units 
Descriptions of non-sequence map units on surficial geologic 
maps (Plates 1 and 4) and on the explanation for surficial maps 
(Plate 2). 
Qal, Alluvium 
Silt, sand, and bouldery gravel with peat and other organic 
matter on flood plains and along small streams. Generally less than 
3 m thick, but as much as 6 m thick along the Delaware River. 
Qs, Swamp deposits 
Peat and muck with silt and clay; Includes beds of calcareous 
shell (gastropod) fragments. Generally 2 to 12 m thick but may be 
as thick as 25 m in glacial lake basins. 
Qta, Talus 
Accumulations of angular rock fragments, from 0.25 to 3 m in 
diameter; Occurs at the base of Kittatinny Mountain. Sparse 
vegetation, may be as much as 40 m thick. 
Qf, Alluvial-fan deposits 
Fluvial sand and gravel in fans. As much as 15m thick. 
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Qco, Colluvium 
Clay to boulder size material, including organic and glacial 
deposits and bedrock derived material to thicknesses of as much as 5 
to 10 m. 
Qbc, Boulder colluvium 
Bouldery deposits with sparse matrix material, on slopes. As 
much as 15 m thick. 
Qft, Flood terrace deposits 
Sandy, pebbly gravels veneered by eolian and alluvial sand and 
silt, along the Delaware and Pequest Rivers, as much as 10m thick. 
Terrace elevation at or below that of 100-year flood level (Appendix 
II). 
Qld, Lake-bottom deposits 
Laminated, thinly bedded, and massive silts and clays with sand 
and organic deposits in periferal (nearshore) zones. Very flat 
surfaces, generally covered by peat. Generally 10 to 15m thick but 
may be as much as 65 m. 
Qt, Wisconsinan till deposits 
Firm to loose, unsorted mixture of clay to boulders. Variable 
color and lithology. Includes end members such as red bouldery 
calcareous till, clayey and shaley yellowish-brown till, dark to 
light gray calcareous till, and sandy crystalline lithology till. 
May be as thick as SO m immediately south of Kittatinny Mountain, 
but usually occurs as a thin veneer, 1.5 to 3m thick. 
Cryoturbation is to a depth of 0.6 to 0.8 m. 
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Qvbt, Wisconsinan very bouldery till deposits 
Firm to loose, unsorted, very bouldery (75 %) till. Boulders 
are red sandstone, graywacke and quartzite conglomerate lithologies. 
Thickness is as much as 3 m and it may overlie non-bouldery tills. 
Qkm, Kame moraine 
Poorly sorted to unsorted, gravelly to bouldery, loose mixture 
of silt to boulders with frequent lenses of stratified sand and 
gravel. May display hummocky topography. As much as 25 m thick. 
Qat, Alluviated till or lag deposits 
Channel and valley-bottom bouldery lag deposits and gentle 
slope deposits. Found in glacial meltwater channels or on washed 
surfaces of till. Thickness of 1.5 to 3m. 
QmlA, QmlB, QmlC, QmlD, QmlE, QmlF and QmlG 
Morainic positions in the Mountain Lake Valley 
End and lateral moraine loops of the Mountain Lake Valley with 
letters A thru G indicating relative ages of deposits. 
Qem, End moraine deposits 
Unsorted to poorly sorted, loose to firm till deposits 
displaying knob and kettle topography with relief of up to 15 m. 
Very poorly drained. As much as 50 m thick but usually 10 to 15 m. 
Qlm, Lateral moraine deposits 
Valley wall accumulations of till showing linear form and 
causing rearrangement of drainage. Knob and kettle topography 
occurs but is subdued in contrast to end moraine deposits. Usually 
flat-topped with a steep valley side. Usually 10 to 15 m thick. 
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Qsc, Sharpstone or shale-chip colluvium 
Shale and slate fragments accumulated on slopes or at the base 
of slopes. Includes grezes litees and gelifluction deposits. 
Qct, Colluviated pre-Wisconsinan till deposits 
Mixture of glacial boulders and bedrock fragments in a matrix 
of colluviated pre-Wisconsinan soil material. Exposures commonly 
show truncated soil profiles, red colors (5-7.5 YR) and rubification 
of pebbles. 
Qpwt, Pre-Wisconsinan till deposits 
Clayey, deeply weathered till deposits, cryoturbated to depths 
of more than 2.6 m. Have red colors (2.5-5 YR) and much more 
well-developed drainage than Wisconsinan age till deposits. 
Deposits show pre-Wisconsinan weathering and soil development 
(Harmony Soil). Knob and kettle topography in a greatly subdued 
form may occur with up to 1.6 m of relief, undrained depressions, 
and bouldery surfaces. 
Qpws, Pre-Wisconsinan stratified drift deposits 
Pebbly gravel and sand of terraces up to 45 m above the 
Delaware River. Deposits display pre-Wisconsinan soil profiles 
(Harmony Soil) developed to depths of at least 3 m with red colors 
(2.5-5 YR), pebble ghosts, and rubification. 
Qpwd, Pre-Wisconsinan delta deposits 
Sand and pebbly gravel forming terraces as much as 100 m above 
the Delaware River. Deposits have pre-Wisconsinan soil development 
(Harmony Soil) to depths of 3m with red colors (2.5-5 YR), pebble 
ghosts, and rubification. 
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Appendix II 
Delaware River Flood Elevations 
This appendix contains elevations of the highest recorded flood 
along the Delaware River in feet and meters above mean sea level. 
These elevations were used for determining the elevation of the 
100-year flood terrace. Data are for the August, 1955 flood as 
reported by Parker and others (1964). The Delaware River covered 
the 100-year flood terrace during this flood. 
Flood elevation above mean sea level. 
Location 
Phillipsburg, NJ - C.R.R. of NJ 
Easton, Pa - U.S.W.B. gage 
Belvidere, NJ - U.S.G.S. gage 
Portland, Pa - highway bridge 
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meters 
198.8 
198.9 
256.6 
298.9 
60.59 
60.62 
78.21 
91.10 
Appendix III 
Tabulated Results of Pebble-Percentage Provenance Analyses 
This appendix contains the results of pebble counts. Sample 
sites are located on Plate 1 and described on Plate 3. Pebbles are 
grouped according to the lithologies listed below. 
· Key to 7 .5-minute quadrangle locations: 
VEIN 
POCO 
BA Bangor (Pa-NJ) quadrangle 
BE Belvidere (NJ-Pa) quadrangle 
BL Blairstown (NJ) quadrangle 
EA Easton (Pa-NJ) quadrangle 
FL Flatbrookville (NJ-Pa) quadrangle 
HA Hackettstown (NJ) quadrangle 
PO Portland (Pa-NJ) quadrangle 
ST Stroudsburg (Pa-NJ) quadrangle 
TR Tranquility (NJ) quadrangle 
WA Washington· (NJ) quadrangle 
Key to lithologic catagories: 
Vein minerals, mostly quartz with some iron oxides. Occur 
in all rock units, but they are more common in the 
Martinsburg and Shawangunk Formations. 
Non-cleaved shale, fossiliferous siltstone and limestone, 
green shale and siltstone, cherty limestone and grits and 
lithologies from formations north of Kittatinny Mountain. 
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RED Red shale, siltstone and sandstone from the Bloomsburg 
Formation with small amounts from other formations north of 
Kittatinny Mountain. 
QSC Quartzitic sandstones and conglomerates from the Shawangunk 
Formation with small amounts from north of Kittatinny 
Mountain. 
SUT Slate, carbonaceous slate, and calcareous slate, from the 
Jacksonburg and Martinsburg Formations. Calc-alkalic rocks 
of the Beemerville Complex. 
GSS Graywacke and lithic sandstones from the Martinsburg 
Formation with small amounts from the Shawangunk Formation 
and formations north of Kittatinny Mountain. 
CARB 
CRY 
Non-fossiliferous dolostone, oolitic dolostone, 
stromatolitic dolostone, cherty dolostone, and black chert. 
Occur in the Cambro-Ordovician carbonate formations of the 
Great Valley. 
Schist, gneiss, granite pegmatite, amphibolite, and granite 
of Precambrian age. Jasper and vuggy quartzite from the 
Hardyston Formation (Cambrian) and basaltic dike rocks 
(Triassic?). All occur in the New Jersey Highlands or 
Great Valley. 
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Sample 7.5' Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
1 ST 115 0.0 47.8 41.7 10.4 o.o 0.0 0.0 0.0 
2 ST 68 0.0 16.2 11.8 33.8 16.2 22.1 0.0 0.0 
3 BA 123 0.0 8.9 21.1 47 .2 13.8 8.9 0.0 o.o 
4 ST 142 0.0 26.8 14.8 42.3 1.4 14.8 0.0 0.0 
5 BA 137 1.5 12.4 10.9 39.4 26 .3 9.5 0.0 0.0 
6 BA 247 0.8 13.0 4.0 39.3 26 .3 16 .6 0.0 0.0 
7 BA 146 2.1 0.0 6.2 13.0 73.3 5.5 o.o 0.0 
8 BA 134 4.5 0.7 2.2 4.5 84.3 3.7 0.0 0.0 
9 BE 140 0.0 2.9 5.7 21.4 47 .9 17.1 5.0 0.0 
10 BE 144 0.0 0.7 4.2 17.4 37 .5 16.7 23 .6 0.0 
11 BA 137 o.o 2.9 9.5 26 .3 5.8 27 .o 23 .4 5.1 
12 ST 152 2.0 4.6 12.5 19.1 46 .1 15.3 o.o 0.0 
13 ST 204 0.0 16.7 19.6 33.3 6.4 24.0 o.o 0.0 
14 ST 177 0.0 10.2 10.7 35.6 25.4 18.1 0.0 0.0 
15 ST 200 o.o 8.0 12.0 41.5 14.0 24.5 0.0 0.0 
16 PO 219 0.0 41.6 11.9 21.9 10.5 14.2 0.0 0.0 
17 PO 182 0.0 0.0 6.6 44.0 26.4 22.5 0.5 o.o 
18 BL 160 3 .1 o.o 0.6 22.5 60.6 8.1 5.0 0.0 
19 BE 227 0.9 2.2 5.7 15.4 55.9 5.3 14.5 0.0 
20 WA 131 3.1 0.8 3.1 6.1 3.1 14.5 54.2 15.3 
21 WA 113 0.0 o.o 1.8 27.4 16.8 20.4 4.4 29.2 
22 WA 127 1.6 0.8 3.9 29 .9 8.7 19.7 20.5 15.0 
23 WA 151 0. 7 0.0 0.0 3.3 5.3 0.0 80.1 10.6 
24 WA 123 0.0 0.0 0.8 1.6 1.6 0.8 79.0 16 .1 
25 WA 120 0.8 0.0 0.0 6 .6 3.3 1.7 67.8 19.8 
26 BL 134 1.5 0.0 0.7 6.0 13 .4 9.0 56 .o 13.4 
27 WA 155 1.3 o.o 1.9 4.5 1.9 2.6 68.4 19.4 
28 WA 169 0.6 0.0 1.2 1.8 5.9 3.0 69.2 18.3 
29 WA 137 1.5 0.0 2.9 6.6 7.3 2.9 43.1 35.8 
30 WA 153 0.0 0.0 0.7 2.6 5.9 3.3 83.0 4.6 
31 WA 166 0.6 0.0 4.2 8.4 16.3 10.8 21.1 38.6 
32 WA 148 0.0 o.o 0.0 2.0 2.0 0.7 81.1 14.2 
33 WA 144 o.o 0.0 1.4 4.9 9.0 2.8 73.6 8.3 
34 WA 133 0.0 o.o 2.3 4.5 6.8 8.3 66.9 11.3 
35 BL 144 0.0 0.0 0.0 o.o 2.1 2.8 89.6 5.6 
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Sample 7.5' Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
36 TR 153 0.0 0.0 0.0 1.3 2.6 0.0 95.4 0.7 
37 TR 137 0.0 0.0 0.0 0.0 5.1 2.9 83.9 8.0 
38 TR 141 0.7 0.0 1.4 2.8 4.3 0.7 86 .5 3.5 
39 TR 162 0.0 0.0 0.0 1.2 3.7 1.9 88.9 4.3 
40 TR 134 0.0 0.0 0.0 2.2 3.7 3.7 90.3 0.0 
41 TR 111 0.0 0.0 0.0 1.8 1.8 0.0 95.5 0.9 
42 TR 211 2.4 0.0 1.9 9.5 22.3 5.7 58.3 0.0 
43 TR 141 0.0 0.0 0.0 3.5 35.5 8.5 52.5 0.0 
44 TR 123 0.8 0.0 0.8 3.3 41.5 4.1 49.6 0.0 
45 TR 133 1.5 0.0 0.8 4.5 39.8 5.3 48.1 0.0 
46 BL 123 2.4 0.0 0.0 16.3 ll .4 17 .1 35.0 17 .9 
47 BE 141 2.1 0.0 6.4 18.4 24.1 4.3 40.4 4.3 
48 BE 170 5.3 0.0 2.4 17.6 41.2 5.9 27 .6 0.0 
49 BE 139 2.2 0.0 6.5 23.7 31.7 11.5 23.7 0.7 
so BE 178 2.2 0.6 3.4 24.2 24.7 11.2 33.1 0.6 
51 BE 143 2.1 o.o 4.2 30.1 23 .1 9.1 30.1 1.4 
52 BE 234 0.0 0.0 6.0 22.6 32.5 12.0 23 .5 3.4 
53 BE 162 1.2 1.2 3. 7 22.8 44.4 6.8 19.8 0.0 
54 BE 17 5 0.0 o.o 5.7 24.6 18.3 8.6 40.6 2.3 
55 BE 17 2 2.3 0.0 0.6 13.4 19.8 2.9 50.6 10.5 
56 WA 151 o.o 0.0 1.3 6.6 6.0 12.6 53 .0 20.5 
57 HA 193 0.5 0.0 3.1 8.8 32.1 17.6 5.2 32.6 
58 HA 169 1.2 0.0 1.2 3.6 8.9 4.1 62.7 18.3 
59 HA 136 1.5 0.0 2.2 6.6 10.3 16.2 41.2 22.1 
60 WA 144 2.1 0.7 2.8 25.0 29.9 22.2 6.3 11.1 
61 WA 177 0.6 0.0 1.1 21.5 27.1 18.6 3.4 27.7 
62 WA 167 1.8 0.6 6.0 9.0 45.5 6.6 3.6 26 .9 
63 WA 171 o.o 0.0 0.0 26 .9 24.6 28.7 5.8 14.0 
64 WA 170 1.2 0.0 0.6 8.8 5.3 4.1 62.9 17.1 
65 BL 144 1.4 0.7 4.9 61.1 18.1 5.6 8.3 0.0 
66 BL 144 o.o 0.7 9.0 44.4 40.3 5.6 0.0 o.o 
67 BL 182 0.0 0.0 7 .7 28.0 8.8 7 .1 48.4 0.0 
68 BL 142 0.0 0.0 7.0 43 .o 28.9 4.9 16.2 0.0 
69 PO 154 o.o 0.6 6.5 36.4 44.8 7.8 3.9 0.0 
70 FL 129 0.0 o.o 6.2 so .4 43.4 0.0 0.0 0.0 
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Sample 7 o 5 I Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
71 FL 152 0.0 3.3 11.8 58.6 21.7 4.6 o.o o.o 
72 BL 140 0.0 5.0 7.9 32.9 43.6 10.7 o.o 0.0 
73 FL 176 0.6 1.1 3.4 10.8 47.7 36.4 0.0 o.o 
74 FL 139 0.0 0.7 5.0 46.8 43.2 4.3 o.o 0.0 
75 FL 146 0.0 4.8 13.0 68.5 12.3 1.4 0.0 0.0 
76 FL 156 0.0 0.0 18.6 47.4 14.7 19.2 0.0 0.0 
77 FL 149 0.0 0.0 15.4 42.3 15.4 26 .8 0.0 o.o 
78 BL 146 0.0 1.4 6.8 39.0 43.8 8.9 0.0 0.0 
79 PO 174 0.0 0.0 6.3 40.2 40.8 12.1 0.6 o.o 
80 PO 157 0.0 1.9 13.4 42.7 29.9 12.1 0.0 0.0 
81 PO 147 0.0 7.5 19.7 64.6 0.7 7.5 o.o 0.0 
82 PO 192 0.0 3.1 9.4 70.8 6.3 10.4 o.o 0.0 
83 PO '177 0.0 0.6 8.5 14.1 19.2 13.6 44.1 0.0 
84 PO 126 0.0 8.7 11.1 60.3 11.1 8.7 0.0 0.0 
85 PO 127 0.0 7.1 5.5 59.8 18.1 9.4 o.o 0.0 
86 PO 139 0.0 0.0 5.8 46.8 16.5 9.4 21.6 0.0 
87 PO 137 2.2 4.4 8.0 44.5 27.7 13.1 0.0 o.o 
88 PO 142 0.0 0.0 7.0 26.8 21.1 4.9 40.1 0.0 
89 PO 145 0.0 o.o 4.8 24.1 63.4 4.1 3.4 o.o 
90 PO 131 0.0 0.0 6 .1 32.1 16.8 12.2 32.8 0.0 
91 PO 123 0.0 3.3 7.3 47.2 33.3 8.9 0.0 0.0 
92 PO 135 0.0 0.7 10.4 59.3 20.7 8.9 0.0 0.0 
93 PO 136 0.0 0.0 11.8 61.8 21.3 5.1 o.o o.o 
94 PO 128 0.8 0.8 9.4 32.8 42.2 14.1 o.o 0.0 
95 BL 139 0.7 0.7 12.2 48.9 25.2 12.2 o.o o.o 
96 BL 129 0.8 o.o 5.4 29.5 39.5 20.2 4.7 o.o 
97 BL 171 0.6 0.0 10.5 11.7 57 .3 18.1 1.8 0.0 
98 PO 127 0.8 0.0 3.1 24.4 21.3 5.5 44.9 o.o 
99 PO 130 0.0 28.5 16 .9 40 .o 3.8 10.8 o.o 0.0 
100 PO 151 0.7 27 .2 10.6 43.0 8.6 9.9 o.o o.o 
101 PO 151 0. 7 23.8 11.3 37 .1 7 .3 9.3 10.6 0.0 
102 PO 116 0.0 0.9 15.5 51.7 7.8 8.6 15.5 0.0 
103 PO 134 0.7 0.0 8.2 45.5 6.7 3.0 35.8 0.0 
104 PO 142 0.7 33.8 19.0 41.5 0.0 4.9 o.o o.o 
105 PO 148 0.0 43.9 9 .s 41.9 1.4 3.4 o.o 0.0 
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Sample 7.5' Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
106 PO 118 0.8 8.5 7.6 58.5 14.4 10.2 0.0 o.o 
107 PO 143 0.0 0.7 9.8 28.7 33.6 27.3 0.0 0 .o 
108 BL 147 5.4 3.4 3.4 52.4 30.6 4.8 0.0 o.o 
109 BE 114 0.0 o.o 1.8 14.9 5.3 4.4 73.7 o.o 
110 WA 130 2.3 0.0 0.8 16.2 8.5 5.4 66.9 o.o 
111 BE 134 6.0 0.0 1.5 20.9 47.0 6.7 17.9 0.0 
112 BE 132 3.8 0.0 2.3 12.1 65.2 5.3 11.4 o.o 
113 BE 125 0.0 0.0 4.0 28.0 19.2 1.6 47 .2 o.o 
114 BE 131 2.3 2.3 4.6 19.8 65.6 3.8 1.5 o.o 
115 BE 151 0.7 0.0 2.0 11.3 6.0 7.3 57.6 15.2 
116 BE 160 1.9 0.0 2.5 13 .1 18.1 2.5 55.6 6 .3 
117 BE 146 0.0 0.0 1.4 4.8 2.7 2.1 74.0 15 .1 
118 BE 126 0.8 0.0 0.0 9.5 2.4 2.4 66.7 18.3 
119 BE 156 1.9 0.0 0.6 5.1 9.6 3.8 64.7 14.1 
120 BE 140 0.7 0.0 1.4 4.3 3.6 0.7 82.9 6.4 
121 WA 114 2.6 0.0 3.5 44.7 9.6 7.0 7.9 24.6 
122 WA 144 1.4 0.0 3.5 16.7 11.1 5.6 5.6 56.3 
123 BE 152 0.0 0.0 3.3 22.4 5.9 11.2 18.4 38.8 
124 BE 136 0.7 0.0 1.5 40.4 16.9 8.1 10.3 22.1 
125 BE 109 0.9 0.0 1.8 25.5 0.9 2.7 5.5 62.7 
126 BE 135 0.7 0.0 5.2 23.7 13.3 5.2 45.9 5.9 
127 BE 134 0.0 0.0 0.7 9.0 7.5 3. 7 66.4 12.7 
128 BE 137 2.2 0.0 3.6 16 .1 26 .3 3.6 35.8 12.4 
129 ST 234 0.0 17 .9 15.0 53 .8 0.9 12.4 o.o o.o 
130 ST 134 0.0 1.5 6.7 44.8 7.5 2.2 37.3 o.o 
131 ST 146 0. 7 1.4 12.3 61.0 2.7 2.1 19.9 o.o 
132 PO 157 0.6 0.0 1.9 26 .1 17 .8 3.2 50.3 o.o 
133 PO 155 0.0 0.0 3.2 17.4 1.9 3 .9 73.5 o.o 
134 PO 170 1.8 0.0 4.1 38.8 8.8 1.8 44.7 o.o 
135 PO 152 o.o 32.2 9.2 53.3 0.0 5.3 o.o o.o 
136 PO 150 0.0 22.7 10.0 59.3 6.0 2.0 0.0 o.o 
137 PO 143 0.0 51.7 16 .1 30.8 1.4 0.0 o.o o.o 
138 PO 152 0.7 54.6 14.5 27.0 0.7 2.6 o.o o.o 
139 ST 146 o.o 33.6 7.5 58.9 o.o o.o o.o o.o 
140 BA 190 2.6 1.6 3.2 23 .2 42.6 9.5 17 .4 o.o 
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Sample 7.5' Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
141 WA 144 2.1 0.0 2.1 11.8 16.0 2.1 12.5 53 .5 
142 BE 162 1.9 1.2 8.6 21.0 22.2 16.7 25.9 2.5 
143 BE 192 0.5 1.0 3.1 18.2 14.6 12.0 49.5 1.0 
144 BE 171 2.9 1.8 2.9 28.1 10.5 17 .5 35.7 0.6 
145 BE 195 0.5 1.0 2.1 14.9 7.2 7. 7 59.0 7. 7 
146 BE 186 0.5 0.0 7.0 12.4 5.4 14 .o 50.5 10.2 
147 . BE 216 1.4 0.5 4.2 24.5 11.6 9.7 42.1 6.0 
148 BE 232 1.3 2.2 5.2 19.0 16.4 11.6 41.8 2.6 
149 BE 168 0.6 0.6 7.1 16.7 15.5 17 .3 37.5 4.8 
150 BE 171 0.6 2.3 6.4 7.6 16 .4 10.5 50.9 5.3 
151 BE 139 0.0 0.0 5.0 19.4 15.8 9.4 48.9 1.4 
152 BE 178 2.2 0.6 2.2 18.0 14.0 11.8 50.6 0.6 
153 BE 169 1.2 o.o 1.2 10.1 16.0 3.0 51.5 17 .2 
154 BE 190 2.1 1.1 4.2 12.6 24.7 10.5 34.2 10.5 
155 BA 241 0.8 0.0 5.8 13.3 19.5 9.5 40.2 10.8 
156 BA 241 2.5 0.0 4.1 15.7 16.1 13.2 41.3 7.0 
157 BA 295 0.7 2.4 3.1 6.1 77.6 10.2 0.0 0.0 
158 BA 198 0.0 2.5 7.1 25.8 24.7 17 .2 17.2 5.6 
159 BE 165 0.0 8.5 11.5 31.5 25.5 23 .o 0.0 0.0 
160 BE 206 1.9 19.9 6.3 31.1 19.9 16.5 3.9 0.5 
161 BE 192 1.6 3 .1 4.2 11.5 60.9 16.7 2.1 0.0 
162 BE 226 1.8 3.1 10.6 20.4 47.3 16.8 0.0 o.o 
163 BE 202 0.0 4.0 4.5 15.8 57.9 17.8 o.o 0.0 
164 BE 193 0.5 5.2 6.7 35.2 31.1 21.2 0.0 0.0 
165 BE 202 0.0 12.4 6.4 21.8 43.6 15.8 0.0 o.o 
166 BE 183 0.5 3.8 6.6 11.5 55.2 22.4 0.0 0.0 
167 BA 152 1.3 4.6 7.9 24.3 42.8 19.1 o.o 0.0 
168 BA 152 0.0 8.6 3.3 13.8 56 .6 17 .8 0 .0 o.o 
169 BA 155 10.3 3.9 4.5 21.3 43 .9 16.1 0.0 0.0 
170 BA 165 1.2 7.3 7.9 53 .9 18.8 10.9 0.0 0.0 
171 BA 146 0.0 15.8 6.8 45.9 0.0 31.5 0.0 0.0 
172 BA 145 1.4 11.7 9.7 29.7 34.5 13.1 0.0 0.0 
173 ST 154 12.3 5.2 6.5 41.6 15.6 18.8 0.0 0.0 
174 PO 184 0.5 15.8 6.5 56.5 6 .o 14.7 0.0 o.o 
17 5 PO 189 0.5 11.6 6.9 48.1 19.0 13.8 0.0 0.0 
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Sample 7 ,5 I Pebble Percentages: 
Number Quad Counts VEIN POCO RED QSC SLAT GSS CARB CRY 
176 PO 179 1.7 6.7 3.4 23 .5 46.9 17 .9 0.0 0.0 
177 PO 146 0.0 11.0 8.2 30.1 28.1 22.6 0.0 0.0 
178 BE 169 0.6 2.4 3.0 10.1 74.0 10.1 0.0 0.0 
179 BE 145 0.7 1.4 5.5 14.5 56.6 21.4 0.0 0.0 
180 BE 140 2.9 10.7 9.3 34.3 14.3 28.6 0.0 0.0 
181 BA 17 8 0.0 7.3 10.1 48.3 19.1 15.2 0.0 0.0 
182 ST 156 0.6 7.7 7.7 44.2 25.0 14.7 0.0 0.0 
183 ST 173 0.6 19.7 20.8 38.7 7.5 12.7 0.0 0.0 
184 ST 166 0.0 43.4 20.5 21.7 0.0 14.5 0.0 0.0 
185 ST 169 0.0 13.6 20.1 43.8 0.0 22.5 0.0 o.o 
186 ST 190 0.0 15.3 6.3 so .5 8.9 18.9 0.0 0.0 
187 ST 117 0.0 17 .9 2.6 73.5 0.0 6.0 0.0 0.0 
188 WA 219 0.0 0.5 0.0 5.9 3.7 6.4 7 2.6 11.0 
189 WA 226 0.0 0.4 4.9 19.9 11.9 23 .9 7.5 31.4 
190 WA 187 1.1 0.0 1.6 9.1 4.3 5.9 58.3 19.8 
191 WA 215 0.9 o.o 0.5 7.9 4.2 4. 7 57 .2 24.7 
192 BL 159 o.o 0.0 3.1 14.5 9.4 13.2 3.8 56.0 
193 EA 195 1.0 o.o 1.5 26 .2 44.1 5.6 19.0 2.6 
194 BE 146 0.7 0.0 0.0 3.4 4.1 3.4 7 2.6 15.8 
195 BE 151 0.7 0.0 0.0 6.0 9.3 6.6 66.2 11.3 
196 BE 120 0.0 0.0 1.7 14.9 8.3 3.3 71.1 0.8 
197 BE 134 o.o 0.0 1.5 9.7 9.0 9.0 65.7 5.2 
198 BE 140 0.7 o.o 1.4 4.3 2.1 3.6 78.6 9.3 
199 BE 127 0.8 0.0 0.8 9.4 11.8 6.3 63.8 7 .1 
200 BA 139 3.6 0.7 3.6 25.2 15.1 8.6 27 .3 15.8 
201 BA 170 1.8 0.0 5.3 21.8 25.9 16.5 21.2 7.6 
202 PO 106 0.0 o.o 6.5 44.9 2.8 0.0 45.8 0.0 
203 PO 185 o.o 17 .3 10.3 45.9 20.5 5.9 0.0 o.o 
204 HA 14.2 0. 7 o.o 4.9 4.9 14.8 6.3 so .0 18.3 
205 TR 149 0.0 0.0 0.0 1.3 73.8 14.1 10.7 o.o 
206 FL 123 0.0 o.o 7 .3 29 .o 4.0 6.5 53 .2 o.o 
207 BA 207 2.4 0.0 5.3 22.2 30.4 6.3 26 .6 6.8 
208 BA 216 3.2 15.3 6.9 20.4 43.5 9.7 0.9 o.o 
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Appendix IV 
Soil Profile Descriptions 
This appendix contains descriptions of soil profiles on 
Wisconsinan till and stratified deposits and pre-Late Wisconsinan 
deposits. Soil profile site locations are given on plate 1. Soil 
profiles were described in the field according to color, grain size, 
soil structure, dry consistence, wet consistence, and other 
weathering features. All terminology is according to the U.S.D.A., 
7th Approximation of Soil Classification (Soil Survey Staff, 1960; 
1961) and the Munsell Soil Color Chart. Parent material lithologies 
are identified from pebble count data and textural considerations. 
- 221 -
Profile: WS-1 
Age: Wisconsinan 
Location: Outwash (Qmcl) along Waltz Creek at Factoryville, Pa in 
the Bangor (Pa-NJ) quadrangle; provenance site no. 6. 
Parent Material: Coarse glaciofluvial gravel, predominantly 
graywacke and slate (43%) and quartzites and 
conglomerates (39%) with lithologies from north of 
Kittatinny Mountain (17%). 
U.S.D.A. Classification: Typic hapludalf 
Soii Series: Conotton gravelly silt loam 
Soil Horizons Depth (em) 
Ap 0~23 
Bl 23-61 
B21 61-84 
B22 84-112 
c 112-142 
Description 
Dark brown (lOYR 3/3) gravelly silt 
loam with very weak granular 
structure. Slightly sticky and 
plastic, very friable, and slightly 
hard. 
Yellowish brown (lOYR 5/6) very 
gravelly loam with weak fine granular 
structure. Slightly sticky and 
plastic, friable, slightly hard. Clay 
skins on pebbles. 
Yellowish brown (lOYR 5/4) very 
gravelly loam with weak fine granular 
structure. Slightly sticky and 
plastic, friable, and slightly hard. 
Clay skins on pebbles. 
Dark yellowish brown (lOYR 4/4) very 
gravelly loam with very weak fine 
granular structure. Nonsticky, 
nonplastic, and loose. Pebble ghosts. 
Dark yellowish brown (lOYR 4/4) 
structureless very gravelly sandy 
loam. Nonsticky, nonplastic, and 
loose. Carbonate pebble ghosts. 
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Profile: WS-2 
Age: Wisconsinan 
Location: Outwash (Qd2) along Oughoughton Creek in the Belvidere 
(NJ-Pa) quadrangle; provenance sample no. 9. 
Parent Material: Coarse glaciofluvial gravel, predominantly slate 
(48%) with quartzite (21%) and graywacke (17%) 
lithologies. 
U.S.D.A. Classification: Typic hapludalf 
Soil Series: Conotton gravelly silt loam 
Soil Horizons Depth (em) 
Ap 0-20 
B1 20-41 
B21 41-66 
B22 66-107 
BC 107-147 
c 147-180 
Description 
Dark brown (lOYR 3/3 to 4/3) gravelly 
silt loam with very weak fine 
granular structure. Slightly sticky 
and plastic and loose. 
Dark yellowish brown (lOYR 4/6) 
gravelly loam with very weak granular 
structure. Slightly sticky and 
plastic, very friable, and soft. 
Brown (7.5yr 4/4) very gravelly loam 
with very weak fine subangular blocky 
structure. Slightly sticky and 
plastic, friable, and soft. 
Dark yellowish brown (lOYR 4/6) very 
gravelly sandy loam that is 
structureless. Nonsticky, nonplastic, 
and loose with thin clay skins on 
pebbles. 
Yellowish brown (10YR 5/4) very 
gravelly sandy loam that is 
structureless. Nonsticky, nonplastic, 
and loose with occasional thin clay 
coatings on pebbles. 
Yellowish brown (lOYR 5/4) 
structureless very gravelly sandy 
loam. Nonsticky, nonplastic, and 
loose. Slightly oxidized with pebble 
ghosts. 
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Profile: WS-3 
Age: Wisconsinan 
Location: Glaciolacustrine gravels (Qol), 1.2 km north of Stewart 
Gap in the Washington (NJ) quadrangle; provenance sample 
no. 25. 
Parent Material: Pebbly and sandy gravel, predominantly carbonates 
(68%) with crystalline (20%) and quartzite (7%) 
lithologies. 
U.S.D.A. Classification: Mollie hapludalf 
Soil Series: Hazen gravelly loam 
Soil Horizons Depth (em) 
Ap 0-13 
B1 13-53 
B2t 53-79 
IIC 79-165 
Description 
Dark brown (lOYR 3/3) loam with very 
weak granular structure. Nonsticky, 
nonplastic, very friable, and soft. 
Yellowish brown (lOYR 5/4) sandy loam 
with weak medium subangular blocky 
structure. Slightly sticky and 
plastic, friable, and soft. 
Dark brown (7.5YR 4/4) sandy loam 
with weak medium subangular blocky 
structure. Sticky, plastic, friable, 
and slightly hard with clay films on 
pebbles. 
Grayish brown (10YR 5/2) variable 
color, structureless gravelly sandy 
loam. Nonsticky, nonplastic, and 
loose with slightly oxidized parent 
material. 
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Profile: WS-4 
~: Wisconsinan 
Location: Gravel pit of the Rio Costa Sand and Gravel Co. in 
lacustrine gravels (Qp2), 0.5 km south of Great Meadows 
in the Washington (NJ) quadrangle; provenance sample 
no. 29. 
Parent Material: Pebbly gravelly glaciolacustrine sand, 
predominantly carbonates (43%) and crystalline 
lithologies (36%) with slates (7%) and quartzites (7%). 
U.S.D.A. Classification: Glossoboric hapludalf 
Soil Series: Palmyra gravelly fine sandy loam 
Soil Horizons Depth (em) 
Ap 0-30 
B2lt 30-48 
B22t 48-76 
IIC 76-170 
Description 
Brown (lOYR 4/3) cobbly gravel loam 
with weak medium granular structure. 
Nonsticky, slightly plastic, friable, 
and soft. 
Dark brown (7.5YR 4/4) cobbly 
gravelly sand loam with moderate 
medium subangular blocky structure. 
Slightly sticky, plastic, friable, 
and soft. 
Dark brown (7.SYR 4/4) pebbly 
gravelly sand loam with weak medium 
subangular blocky structure. Sticky, 
plastic, friable, and soft with clay 
films on pebbles. Pebble ghosts. 
Brown (lOYR 5/3) structureless 
gravelly sand, slightly oxidized with 
sedimentary structures still visible. 
Neoplastic, nonsticky, and loose. No 
pebble ghosts. 
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Profile: WS-5 
~: Wisconsinan 
Location: Gravel pit of Harmony Sand and Gravel Co. in 
glaciofluvial gravels (Qd3), 1.1 km west southwest of 
Roxburg, NJ in the Belvidere (NJ-Pa) quadrangle; 
provenance sample no. 153. 
Parent Material: Coarse glaciofluvial gravel, predominantly 
carbonate (52%) lithologies with crystalline (17%), slate 
(16%), and quartzite (10%) lithologies. 
U.S.D.A. Classification: Fluventic dystrochrept 
Soil Series: Pope gravelly fine sandy loam 
Soil Horizons Depth (em) 
Ap 0-23 
B21 23-41 
B22 41-89 
IICca 89-179 
Description 
Dark brown (lOYR 3/3) pebbly loam 
with weak fine granular structure. 
Dark brown (7.5YR 4/4) loam with 
moderate medium subangular blocky 
structure and thin clay skins on 
pebbles. Slightly sticky and plastic, 
firm, and hard. 
Dark brown (7.5YR 4/4) cobbley loam 
with very weak medium subangular 
blocky structure and thin clay skins 
on clasts. Slightly sticky and 
plastic, very friable, and loose. 
Yellowish brown (lOYR 5/4) 
structureless gravelly loam with 
pebble ghosts and carbonate 
precipitation. Nonplastic, nonsticky, 
very friable, and loose. 
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Profile: WT-1 
~: Wisconsinan 
Location: 1.3 km northwest of Gruvertown, Pa behind the "Terminal 
Moraine" in the Bangor (Pa-NJ) quadrangle; provenance 
sample no. 7. 
Parent Material: Till, predominantly slate and graywacke (79%) with 
quartzite (13%) and red shale and siltstone (6%) .• 
U.S.D.A. Classification: Typic dystrochrept 
Soil Series: Berks shaley silt loam 
Soil Horizons 
Ap 
Bl 
B21t 
B22t 
IIBC 
IIC 
R 
Depth (em) 
0-15 
15-30 
30-61 
61-106 
106-152 
152-183 
183 
Description 
Dark brown (10YR 3/3) silt loam with 
very weak fine granular structure. 
Slightly sticky and plastic, very 
friable, and soft. 
Yellowish brown (lOYR 5/6) silt loam 
with weak fine granular structure. 
Sticky, plastic, friable, and 
slightly hard. 
Brownish yellow (lOYR 6/6) silty clay 
loam with moderate fine blocky 
structure and clay films on pebbles, 
Sticky, plastic, firm, and hard. 
Brown to olive yellow (10YR - 2.5Y 
6/6) shaley silt loam with moderate 
fine blocky structure and clay films 
on clasts. Sticky, plastic, firm, and 
hard. 
Yellowish brown (lOYR 5/6) shaley 
silt loam, massive and mottled. 
Sticky, plastic, firm, and hard. 
Yellowish brown (lOYR 5/6) shaley 
loam, massive and weakly mottled near 
top. Sticky, plastic, firm, and hard. 
Jointed and cleaved slate of the 
Martinsburg Formation (Ordovician) 
with some soil material in fractures. 
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Profile: WT-2 
Age: Wisconsinan 
Location: 2.1 km south of Knowlton, NJ in the Portland (Pa-NJ) 
quadrangle; provenance sample no. 17. 
Parent Material: Loose cobbly and gravelly till, predominantly 
quartzite (44%), slate (26%), and graywacke (23%) 
lithologies with red lithologies (7%). 
U.S.D.A. Classification: Typic fragiochrept 
Soil Series: Bath gravelly loam 
Soil Horizons Depth (em) 
Ap 0-28 
B21 28-74 
B22 74-89 
B2x 89-142 
c 142-175 
Description 
Very dark to dark brown (10YR 2/2 to 
3/3) structureless gravelly silt 
loam. Nonsticky, nonplastic, very 
friable, and loose. 
Yellowish brown (lOYR 5/8) 
structureless gravelly loam. 
Nonsticky, nonplastic, very friable, 
and loose with thin clay films on 
pebbles. 
Dark yellowish to yellowish brown 
(lOYR 5/6 to 4/4) gravelly loam with 
very weak fine granular structure and 
thick clay skins on pebbles. Slightly 
sticky and plastic, friable, and 
slightly hard. Mottled. 
Yellowish brown (lOYR 5/4) 
structureless gravelly loam, mottled 
with thin clay caps on pebbles and 
fragipan development. Sticky, 
plastic, very firm, and very hard. 
Light olive brown (2.5Y 5/4) 
structureless gravelly loam. Slightly 
sticky and plastic, friable, and 
slightly hard. Slightly oxidized and 
much looser than above. 
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Profile: WT-3 
Age: Wisconsinan 
Location: On Quaker Springs Road, 1.6 km south of Fox Gap in the 
Stroudsburg (Pa-NJ) quadrangle; provenance sample 
no. 129. 
Parent Material: Bouldery reddish brown till, predominantly 
quartzite (54%) lithologies, red (15%) and lithic 
sandstone and graywacke (12%) lithologies with other 
lithologies from north of Kittatinny Mountain (18%). 
U.S.D.A. Classification: Typic fragiochrept 
Soil Series: Swartswood and Wurtsboro extremely stony soils 
Soil Horizons Depth (em) 
0 0-3 
A 3-5 
Bl 5-28 
B2lx 28-53 
B22x 53-119 
c 119-155 
Description 
Very dark grayish brown (10YR 3/2) 
organic horizon. 
Grayish brown to light gray (10YR 5/2 
to 7/1) structureless loamy sand. 
Nonplastic, nonsticky, and loose. 
Albic horizon. 
Brownish yellow (10YR 6/6) loam with 
moderate fine subangular blocky 
structure. Slightly sticky and 
plastic and loose. 
Yellowish brown (lOYR 5/6) stony loam 
with weak coarse blocky to prismatic 
structure. Slightly sticky and 
plastic, firm, and hard with clay 
films on clasts. 
Brown (7.5YR 5/4) very stony loam 
with weak coarse prismatic to blocky 
structure. Sticky, plastic, firn., and 
very hard. Fragipan with clay films 
on clasts, mottled. 
Reddish brown (SYR 4/3) very stony 
structureless loam. Slightly sticky 
and plastic, friable, and slightly 
hard. Slightly oxidized and mottles 
decrease with depth. 
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Profi 1 e: WT-4 
Age: Wisconsinan 
Location: On the "Terminal Moraine" 1.5 km southwest of Danville 
Mountain on Danville Mountain Road in the Washington (NJ) 
quadrangle; provenance sample no. 61. 
Parent Material: Bouldery till, predominantly slate and graywacke 
(46%), crystalline (26%), and quartzite (20%) lithologies 
with carbonate lithologies and lithologies from north of 
Kittatinny Mountain (7%). 
U,S.D.A. Classification: Ultic hapludalf 
Soil Horizons Depth (em) 
0 0-12 
A 12-18 
B1 18-41 
B12 41-58 
B2t 58-89 
B22 89-152 
c 152-196 
Description 
Black (lOYR 2/1) organic horizon with 
charcoal. 
Grayish brown (10YR 5/2) albic 
structureless sandy loam. Nonsticky, 
nonplastic, and loose. 
Strong brown (7.5YR 5/6) loam with 
moderate very fine subangular blocky 
structure. Slightly sticky and 
plastic, friable, and slightly hard. 
Brown (7.5YR 4/4) stony loam with 
moderate very fine subangular blocky 
structure. Sticky, plastic, firm, and 
hard with clay films on pebbles. 
Brown (7.5YR 4/4) stony loam with 
moderate, medium subangular blocky 
structure. Sticky, plastic, firm, and 
hard. Mottled with clay films and 
oxide stains. 
Yellowish brown (10YR 5/6) stony loam 
with weak medium subangular blocky 
structure and thin clay films. 
Slightly sticky and plastic, friable, 
and soft. 
Yellowish brown (lOYR 5/4 to 5/6) 
stony loam with weak fine subangular 
blocky structure and no clay films. 
Slightly sticky and plastic, friable, 
and soft. 
- 230 -
Profile: PW-1 
Agg: Colluviated, pre-Wisconsinan 
Location: Uhlers Crossing in the Bangor (Pa-NJ) quadrangle; 
provenance sample no. 8 
Parent Material: Colluviated pre-Wisconsinan till and stratified 
drift, predominantly slate but variable with depth. 
Pebbly and sandy stratified glacial drift at depth 
composed of predominantly slate clasts (84%). 
U.S.D.A. Classification: Typic fragiudalf 
Soil Series: Clarksburg silt loam 
Soil Horizons 
Ap 
B1 
B2 
B2t 
IIB2t 
IIB2 
Depth (em) 
0-20 
20-33 
33-99 
99-170 
170-208 
208-229 
Description 
Brown (lOYR 4/3) silt loam with weak 
fine granular structure. Nonsticky, 
nonplastic, friable, and slightly 
hard. 
Yellowish brown (lOYR 5/8) clayey 
silt loam with moderate medium platey 
structure. Sticky, plastic, friable 
to firm, and slightly hard. 
Yellowish brown (lOYR 5/6) silty clay 
loam with moderate coarse angular 
blocky structure. Sticky, very 
plastic, very firm, and very hard. 
Strong brown (7.5YR 5/6) clay loam 
with moderate fine angular blocky 
structure. Sticky, very plastic, very 
firm, and extremely hard. 
Strong brown (7.5YR 4/6) sandy clay 
loam with moderate fine angular 
blocky structure. Slightly sticky, 
plastic, firm, and hard. 
Brown (7.5YR 5/4 to 4/4) loamy sand 
with weak fine granular structure and 
clay films on gravel. Slightly sticky 
and plastic, firm, and slightly hard. 
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IIIB2 229-267 
IVB2 267-315 
R 315 
Strong brown (7.5YR 5/6) pebbly clay 
loam with thick clay films and 
moderate medium subangular blocky 
structure. Sticky, plastic, firm, and 
very hard. Ghosts and rubified 
clasts. 
Brown (7.5YR 4/4) loamy sand with 
weak fine granular structure. 
Slightly sticky and plastic, firm, 
and slightly hard. 
Limestone saprolite of the 
Jacksonburg Formation (Ordovician). 
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Profile: PW-2 (Harmony Soil) 
Age: Pre-Wisconsinan (Sangamon ?) 
Location: Glaciofluvial gravel terrace 0.6 km east of Brainards, NJ 
in the Bangor (Pa-NJ) quadrangle; provenance sample 
no. 207. 
Parent Material: Pebbly gravel, predominantly slate (30%), 
carbonate (27%), and quartzite (22%) lithologies with 
crystalline (7%), graywacke (6%), and red (5%) 
lithologies. 
U.S.D.A. Classification: Mollie hapludalf 
Soil Series: Hazen gravelly loam 
Soil Horizons 
Ap 
B21 
IIB22 
IIC 
Depth (em) 
0-20 
20-175 
175-351 
351-488 
Description 
Dark brown (lOYR 3/3) pebbly silt 
loam with weak fine granular 
structure. Slightly sticky and 
plastic, friable, and soft. 
Strong brown (7.5YR 5/8) silty clay 
loam to silty clay with few pebbles 
and moderate to strong medium 
subangular blocky structure. Sticky, 
plastic to very plastic, very firm, 
and hard. 
Red to yellowish red (2.5 to SYR 4/6) 
pebbly gravelly sandy clay loam with 
weak fine subangular blocky 
structure, especially near top, 
rubification of pebbles and thick 
pebble clay skins. Nonsicky, slightly 
plastic, very friable, and soft. 
Reddish brown (SYR 4/3) structureless 
gravelly sandy loam with thin clay 
skins and slight ~ubification. Color 
dies with depth. Nonsticky, 
nonplastic, and loose. Displays 
sedimentary structures of parent 
material. 
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e156 Stratified glacial deposits 
6.15 Till and non-glacial deposits 
Morphologic classification of glacial deposits 
Patterns and symbols used for non-sequence deposits, only patterns used for 
sequence deposits. 
Valley train ~ Qkd A I. 6 9 ~ a. 1 .. 4 .. • • 
Outwash 
Kame terrace 
Kame d~lta 
Kame ,.. 
Knqb and kettle morainic 
topography 
lee channel 
filling 
Contact, approximately located 
• • I D 
Glacial striations 
Direction of Ice movement with point of observation at 
center of arrow. Open arrow heads lndlcats new 
striation data, closed arrow heads Indicate data from 
previous workers. 
------------.....-,__ 
Maximum extent of Wisconsinan glacial advance 
... 
Current directions 
Current directions inferred from orientations of &edlmenlory 
structures in deltaic deposits. 
Wisconsinan till deposits 
--
Qpwd 
Pre-Wisconsinan 
della deposits 
---_ .... ~:::~ .. -:;.,. ~--·· --···· 
--
__..-- ...... 
Lorge meltwater channel Small meltwater channel 
565' 
~~ 
Spillway channel 
Meltwattr channel used aa a spillway for a temporary glacial lake. Arrow 
lndlcatn direction of drainage. Number lndlcatu threshold elevation In feet. 
_______ ....,. ____ ..,_ __ __ 
Stage I of Glacial Lake Oxford 
-~ .. ··--·---. .. --..... ----................ ~--
Stage II of Glacial Lake O~tford 
· water level linea of giCiclal lakee, approxlmotely plotted from splllwl))' 
and strondllne elevotlons. · 
Strandline features 
sandY shore deposits. lce•rCiffed or beach t~oulcter CICcumulotlons, and 
: emba~ment inflllinos suovestino nt(lrshare •nvir(!nments. 
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PLATE 2. EXPLANATION OF MAP UNITS AND SYMBOLS ON THE SURFICIAL GEOLOGIC MAPS OF THE GREAT VALLEY (Plates: 1 and 4) 
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Units and symbols also applicable to profiles of sequence deposits (Plates 12 thru 16). Numbered sequence deposits and moraines. of the Mountain Lake Valley are described in lex! (p. 107-188}. 
Descriptions of non-sequence deposits are given in Appendix I. 
NOTE: The exact correlation of end morain~s and sequence deposits is shown on Plate 6 . 
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colluvium 
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Colluviated pre-Wisconsinan 
till deposits 
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.. Opk5 0'1 Clll 
vCI) O">:;L _____ _ 
0 .,_ 
- :::l 
·- .c Opk4 ~--= a.·- ._ _____ _ 
Clll/) 
"'0:!: 
Opk3 .::"'0 
·- c: ~ oL-----, 
"'0= .!!:!~ 
-
:;: ~ L-------, o __ ,__
-:::l 
Opk2 
cno 
a.. Opk1 
-;. 
C1l Qd6 
~~~----I 
~c 
o> 
~-0 1/) 
Qj~ 
OCT 
.... QJ 
C11Q. 
~ ..... 
oaJ 
-3 
C110 
Od5 
Qd4 
Od5 
Od4a 
..C-
-CI) 
ao..c 
c: -r----------~-----
..2"'0 
0 c:: 
1/) 0 
Od2b 
-·;;;~ Qd2 
Od2a 8.~ 
-8u 
_c 
.... ~ r------1----
·- 0 .0~ 
-oU 
cu:::l 
Qd1 
;;:al :0:::: ------
e 
-(/) 
Opwt 
0'1 
C:· 
0 
0>. 
Ul~ 
~0 
~> 
a._ 
C1l 1/) 
"'OQJ 
:::1 ~g 
~a.. 
~ 
"'OC11 
Gl3 ~~ 
Ccu ~..t: 
u;-
B 
/{' 
Qf. 
Alluvial-fan' deposits 
0'1 
c 1/) 
0~ 
- 0 0 0 
_!!!c5 
·u; ~ -,·-·· ~· .t----
o Q) ·' 
o.> 
C1l 0 
"'0 C1l 
_CD 
-·- "'0 ... c:: 
"'0 0 
"'0 >. 
~"'0 
--o 
:.;:: :::J 
~~ 
-(/) 
r--?-r-?-
Omb I Qbb 
Qvbt 
Oj8 
Oj7 
Oj6 
Qj5 
Oj4 
Oj3 
Oj2 
Oj1 
Very bouldery till 
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Q)QI 
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:;o 
~~ 
<( 
Qat 
G 
Kame 
moraines 
Wisconsinan till deposits 
--
Qbc 
Boulder colluvium 
Olm 
Lateral 
moraines 
Oem 
End moraines 
&: r- r-
Pre-Wisconsinan 
deposits 
. Pre-Wisconsinan 
stratified drift deposits 
Pre-Wisconsinan 
delta deposits 
• 
<! 
z 
a::: 
w 
~ 
::> 
0 
I 
w 
0::: 
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0 
..... 
,(/) (i; 
ct 
I 
~ tt. 
'"t§ I, 
Bedrock outcrops 
a..~ L--
Individual outcrops in block, ruled pattern indicates areas of abundant outcrops and bedrock veneered 
with Jess than 1.6 m of surficial deposits. 
/") (at/ 
'---
Artificial fill 
~) (_/ 
Gravel pit 
r' I q ) 
L./ 
Rock quarry 
Described sections and deposits 
156 e Stratified glacial deposits 
• 15 Till and non-glacial deposits 
Morphologic classification of glacial deposits 
Patterns and symbols used for non-sequence deposits, only patterns used for 
sequence deposits. 
~ Volley train 
Outwash 
Kame terrace 
.. " .. ~ 6 • 
I> Qkd A 
'e ". 4 1 A ~ 
Kame delta 
Kame ~ Ice channel filling ll 
Knob and kettle morainic 
topography 
Contact, approximately located 
• C> 
Glacial striations 
Direction of ice movement with point of observation at 
center of arrow. Open arrow heads Indicate new 
striation data, closed arrow heads indicate data from 
previous workers. 
Maximum extent of Wisconsinan glacial advance 
.... 
Current directions 
Current directions inferred from orientations of sedimentary 
structures in deltaic deposits. 
~-:..-~:::~:::;.. ~_.IP- ...... 
Large meltwater channel Small meltwater channel 
565' 
~~ 
Spillway channel 
. Meltwater channel used as a spillway for a temporary glacial lake. Arrow 
indicates direction of drainage. Number indicates threshold elevation In feet . 
Stage I of Glacial Lake Oxford 
Stage n of Glacial Lake Oxford 
water level lines of olacial lakes, approximately plotted from spillway 
and strandline elevations. 
---=---=- -=--
-----=-- -=--
- ---- =-
Strandline features 
sandy shore deposits, ice-rafted or beach boulder accumulations, and 
embayment infillings suggesting nearshore environments. 
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Sample sites and key exposures 
Slles 1 to 208 were sampled. Circles Indicate stratified g/actol deposlfs and triangles indicate 
unstratified glacio/ or nonglacial deposits. Numbers refer to columnar sections and 
locof/ons shown on PkJie f. Pebble counts ore given In Appendix 01. 
Material classification 
Leiters indicate lexlur6 and type of deposit according to Wentworth size classification 
and sorting. Groups of symbols should be read left to right with symbols to left being 
modifiers for symbol to right or units in parentheses. Read commas as "and". Where 
geologic units ore appropriate they ore used. Geologic units defined on Plate 2. 
'• 
cl, 
m; 
s, 
g, 
p, 
c, 
b, 
t, 
br, 
(gel), 
(sop), 
cloy or clayey 
slit or silty 
sand or sandy 
grovel or gravelly 
pebbles or pebbly 
cobbl~s or cobbly 
boulders or bouldery 
till 
bedrock 
geliflucted shale and slate 
saprolite 
(peat), peat 
a, ablation or waterlain 
o; over consolidated 
I, laminated 
Qct, colluvlated Pre-Wisconsinan till 
Qbc, boulder colluvium 
Oco, colluvium 
Till lithology classification 
Till llll'lo/ogy classified by matrix color, texture ond provenance of parent material. 
(red} 
(yellow} 
(gray} 
(orange) 
(mix) 
reddish brown (5 to 7.5 YR) matrix and high concentrations of lithologies 
from north of ~ittatlnny Mountain and quartzite lithologies. 
yellowish brown (10 YR} matrix and high concentrations of slate and 
graywacke lithologies. Usually clayey. 
gray matrix and high concentrations of carbonate lithologies. 
iron oxide coloration in "B" horizon of soils and high concenirafions of 
crystalline rock Jithologi~ s. Usual I y sandy. 
mixtures of four lithologies above. Found ·in volleys fed by several 
tributary ice lobes. 
Abbreviated columnar sections 
Stratlgraphic sequences and approximate thicknesses in feet. Numbers in parentheses 
indicate approximate elevations of contacts In feet above mean sea level. 
Beginning numbers ore site numbers, trailing numbers ore thicknesses in feet. 
contacts between lithologic units 
11171111 
(T) 
(F) 
(B) 
(L} 
-9-
(w) 
• 
(595) 
truncation of a unit by erosion or limit of exposure 
port of section not exposed 
soli or weathering profile developed below contact 
deltaic topset bedding 
deltaic foreset beddJng 
deltaic bottomset bedding 
draped or laminated lake bottom sediment 
augered sites 
well holes 
sampled horizons in sections contoi ning several units 
numbers in parentheses ore elevations In feet 
Example: (from top to bottom) 
'• 
Site no. 36--36 bJ (T) 10 (5951 10 ft of bouldery, cobbly grovel (deltaic topset beds) 21 ll/, (5 5)-- . eps(F) 40~ Sect1on not exposed from an elevation of 595 ft to 585ft 
40 ft of pebbly sand which was sampled (pebble count no. 36) 
Plate 3 
PLATE 3. Descriptions of sample sites and columnar sections (Site locations given on Plate 1) 
t (red)10 
2 t (red) 5 
3 gt (red) 10 
4 t(red)5 
5 t (yellow}7 
6 bg 7 
7 t(yeliow)7 
a acta 
eps10 
(sop) 2 
9 bpg 7 
10 cpg 20 
11 peg 50 
12 Qbc 4 
etlred}10 
Q°Cf 1~ 0 I 
(sqp)2 
br 
13 got (red) 5 
14 Hred)5 
15 t (red)7 
16 bg, sot(red)30 
17 got (yellow) 6 
18 gps 10 
19 cpg 50 
20 bt(orange) 15 
21 st (orange) 5 
22 pg 5 
23 5t8>3s-
lmtLl7 
.co 5 
24 cpg(T)B 
.pg(F)10 (565-570} 
s(B) 5 
25 ps(F)15 
26 g t( gray) 10 
27 ps(F) 20 
28 bg(F}40 
29epg'fF}35 
m,s, I (m,s)(B}12 
30 cgs(F) 30 
31 t (orange) 5 
32 beg (F)30 
33 pg (Fla. 
34 gt(gtay)4 
35 cpg (F), sot 30 
36 beg (T)tO 
'ZZ777/zl595l 
eps (F)40 (SB5) 
37 bg,bat 25 
38 t (gray)10 
39 palO 
40 ecg(F)10 
lm,s 10 
41 g t(gray) 5 
42 t(gray) 6 
43 gs5 
44 ps (F) 25 
45 gs10 . 
46 t(oronge) 6 
br 
47 sg 35 
espg, at 20 
48 • bg(F) 40 
so (B) 15 
49 lsm,s(B) 35 
50 ps10 
51 bg (F), ot 60 
52 cpg 30 
53 co 5 
54 peg 25 
55 bg5 
56 bt (orange) 5 
57 t (orange) 8 
58 t (orange) 6 
59 sf (orange) 8 
60 t (orange} 5 
61 t (orange) 11 
62 t (oranoe) 5 
63 t (orono e) 6 
64 ps 10 
65 so 5 
66 pgtO 
67 bg (F) 15 
68 bo, pg, lms(F,Bl 35 
69 pgs(F)30 
70 t(yellow) 5 
7t t(red) 15 
72 t (yellow) 8 
73 po6 
74 t (yellow) 10 
75 t (red} 5 
76 t (yellow} 5 
77 t(yellow) 5 
78 pg 5 
79 pg6 
eo t (yellow) 7 
81 t(red} 5 
82 PO 5 
83 bg 10 
84 pg (F) 8 
85 pg 5 
86 ps 8 
87 I ( s,m,el) ( B,Ll 15 
ee cos(F)20 
89 pgs (F) 15 
90 cpg 5 
91 t (yellow} 12 · 
92 t(yellow} 5 
93 PO 8 
94 cpg (F) 15 
95 ps 5 
96 pg15 
97 ps 10 
98 epg(F,Bl25 
I (m,ci)(L} 8 
99 cbo a 
100 cg tO 
101 beg 35 
102 t(red)7 
103 t (groy)10 
104 cpg8 
105 pg 6 
106 t (yellow} 5 
107 t (yellow} 8 
108 psg 5 
109 t (gray) 5 
110 epg 10 
111 ps 25 
112 psg 8 
113 epg(F) 6 
114 cpg(F)lO 
115 psg 5 
116 bcg10 
117 pgs 10 
118 pgs(F)20 
119 ps(F)10 
120 cpg 15 
, 
121 t(oronge) 6 
122 t (orange) 5 
123 t(oronge) 10 
12.4 t(orange) 8 
125 t(oronge) 6 
126 beg 15 
127 beg 10 
128 cg 8 
129 t(red) 6 
130 cpg 15 
131 PO (F) 10 
132 beg 10 
• ot (gray) 20 
br 
133 • beg 50 
of (gray) 15 
134 cps 15 
135 t(red) 6 
136 t(red)5 
137 cpg15 
138 co 5 
·139 t(rad) 6 
140 bt (mix) 6 
141 t (orange) fO 
142 beg 50 
143 cpg 8 
144 cpg 10 
145 cg 2.5 
146 co 30 
147 cg, sg 45 
148 co 50 
149 cg 50 
150 eo 2.5 
! 
151 cg, ps,ism 60 
152 cg 50 
153 ebg 70 
154 cpg 10 
155 cpg 25 
156 ecpg 30 
gt(mix)20 
157 pg2.0 
f58 cg 25 
159 beg 5 
160 cg 15 
161 cg 10 
162 t(yellow) 5 
163 beg 5 
164 spg 5 
165 ot (yellow) 15 
166 t(yellow) 5 
167 t(yellow) 5 
168 bt(yellow} 5 
169 t (yellow) 5 
170 t (red) 5 
171 t (red) 5 
172 t (yellow) 5 
173 t(yellow)3 
174 pt (red) 5 
175 t (yellow) 6 
176 t (yellow) 5 
177 t(yellow) (j 
I 78 t (yell o\'1) 5 
179 t (yellow) 5 
180 t(yellow)5 
181 t (rod) 5 
182 t (red) 8 
183 t (red) 6 · 
184 t (red) 10 
185 t(red)5 
186 bt(red) 5 
187 t (red) 10 
188 psg (F) 15 
189 pgs 5 
190 beg 10 
191 bt (orange} 7 
192. t (orange) 5 
193 ps 5 
194 pgs (F) 15 
195 eps(F)10 
t(groy) 15 
196 l(m,s)(L) 10 
eot (gray) 10 
197 gs(B) 10 
l(m,s)(L) 6 
• of (gray) 12 
198 pgs(F) 8 
199 beg 10 
2.00 ecpg.35 
201. eSP.o,m,el 6 
2.03 ePOS(F) B 
202 et(gray) 6 
204 t(groy) 10 
20~ pg(F) 25 
206 pgs 8 
207 pg16 
208 cpg 25 
Unsampled sites 
,, 
I 
209 coTTf5~5-;0> gs(F)45 
210 beg 6 
2.11 ps 15 
212 (gel) 6 
-br 
213 cpg 2.0 
gt(mlx)30 
214 .q-t 8 
2.15 (SaP)4 
br 
216 (gel)10 
spg45 
217 psg 5 
218 (gel)6 
219 (gel)5 
br 
220 (sapl4 
22.1 (gel) 6 
br 
222. psg(F)10 
22.3 .q.ps 10 
22.4 (sop) 8 
225 (sop) 4 
226 cpg 50 
227 pg 20 
(sap) 10 
228 · bt (yellow) 5 
22.9 pgs 5 
230 Qco 8 
br 
231 ps 3 
232 beg 5 
233 -<}-- c t 6 
234 (sop) 25 
235 (peat), gs 6 
236 (sap) 20 
237 (peat} 2. 
gst 6 
2.38 bt (gray} 5 
239 b 1 
----t (gray) 4 
240 ps 20 
241 cpg 35 
242 pa 8 
243 .ps 10 
244 bsg (F) 40 
245 Qct 20 
t 10 
(sap} 6 
br 
246 I (m,cl} 10 
247 .Jbt (oro~ge} 4. 
248 l(m,s) 12 
249 bt (orange) 30 
250 (sop) 5 
~ 
251 t 6 
252 bt (mix} 5 
253 t(red) 30 
254 t(red) 10 
255 t(red)15 
256 ps (F) 30 
257 beg 50 
258 bt (red) 7 
cpg 40 
259 t (yellow) 7 
260 beg 20 
261 s,l(m,s),cpg(F) 35 
262 cpg,s,gp,at (mix) 30 
Plate 3 
263 sg (F) 25 
264 at(ll'h(}, sg,l(m,s) 20 
265 (w) t(yellow) 40 
266 t (red) 5 
\ \ I i \ (sap) 5 
267 t(red)10 
268 peg 25 
269 cpg (F) 25 
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PLAT£ 4. R~CONSTRUcrtON OF WISCONSINAN IC£ MARGINS ASSOCIAT£o WITH S£QU£_NC£s AND 
END MORAINEs IN TH£ GREAT VALLEy 
EXPLANATION Explanation of geologic map unit d b . . Material descriptions 01 depo 't t 1 t . s on sym ols 1s g1ven on Plate 2. -~,_ Sl s a se ec ed Sites are Shown according to the notation explained on Plate 3. 
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PLATE 5. SURFICIAL FACIES MODEI..S NEAR THE MAXIMUM E·XTENT OF WISCONSINAN GLACIATION 
IN THE GREAT VALLEY AND NEW JERSEY HIGHLANDS 
A. CARBONATE VALLEYS- COVERED BY WISCONSINAN VALLEY-FILL DEPOSITS 
0 0 
0 0 
0 0 
--
'· 
,. . , 
0 D 0 0 0 
---Qow or Qpws 
Volley-Fill 
Qsc 
graze's litees 
Carbonate bedrock 
Valley-Fill and Till 
(4.0 to 7.0 Km.) 
B. CARBONATE VALLEYS~ NOT COVERED BY WISCONSINAN VALLEY-FILL DEPOSITS 
Colluvium and Pre-Wisconsinan Till 
------ ----- Carbonate bedrock 
C. SHALE AND SLATE UPLANDS 
''Colluvium and Pre-Wisconsinan Till 
Oct 
--
0. CRYSTALLINE HIGHLANDS 
Tors 
Shale and slate bedrock 
Till and Errotics 
(0.8 to 1.6 Km.) 
Till and Errotics 
(0.8 to 1.6 Km.) 
End Moraine 
( 0 to 1.6 Km.) 
The "Terminal Moraine" 
Approximate position 
of the "Terminal Moraine" 
Qow 
I 
I . 
~ 
----..---
End Moraine 
( 0 to 1.6 Km.) 
The "Terminal Moraine" 
Till and Smoothed Bedrock 
! 
Crystalline bedrock 
... 
Crystalline bedrock 
Plate 5 
l_ ___ ------
Kames 
(0.8 to 1.6 Km.) 
Carbonate bedrock 
Till 
(4.0 to 7.0 Km.) 
Approximate position 
of the "Terminal Moraine" 
I 
1 Volley-Fill and Till 
··.··.Kames 
(0.8 to 1.6 Km.) 
0 0 
0 0 0 
0 
A A 
Carbonate bedrock 
-··:.· 
Recessional Moraine 
'· ·- ._., •, ... 
Shale and slate bedrock. 
LITHOLOGIES 
Slate chips 
Colluvium and 
residuum 
~ Sand and Qrovel 
(A A A AI Till 
I 
EXPLANATION 
GEOLOGIC UNITS 
Oal Alluvium 
Qco Colluvium and bedrock 
· residuum 
Qsc Shale chip colluvium 
a ow Wisconsinan outwoah 
Qk Wisconsinan kame 
Qpws Pre -Wisconalnon strolifled 
drift 
at Wisconsinan till 
Qc;t Colluvioted pre-wiscoMinon till 
Qpwt Pre-Wilconslnan till 
. ,,. ... 
Till 
CONTACTS AND HORIZONS 
Boulder loo deposits 
----
Burled weatherlnQ profiles 
on bedrock surfaces 
fl I I I rr 
_,.-T I I 1.. i l 
on surficial dspoalls 
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